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We are the product of our intrinsic abilities modulated by extrinsic influences. 
I was fortunate to have parents, Patricia and John Bonsib, whose lives 
exemplified a strong work ethic and who epitomized the philosophy that 
anything worth doing is worth doing well. During my training, I was also 
blessed with excellent mentors who demanded attention to detail and 
possessed traditional anatomic pathology skills, such as careful observation, 
meticulous anatomic dissections, optimum fixation techniques, and quality 
photographic composition. Of these mentors, I specifically acknowledge Jay 
Bernstein, MD, renowned pediatric nephropathologist, whose influence early 
in my career provided a nephropathology framework for me to strive to 
complete. The Jay Bernstein Consultative Collection was used heavily in this 
atlas, an enduring tribute to his enormous contributions to the field. Last, and 
most importantly, I wish to acknowledge my wife, Chris, my constant 
companion, best friend, and biggest supporter, whose affection and devotion 
nurtured my evolution as a person and as a pathologist. 

The many images in this atlas are the product of a career devoted to the 
identification, preparation, and photographic documentation of classic and 
unusual gross specimens and microscopic findings. I hope this glimpse into 
the vast and wondrous complexity, and esthetic beauty, of renal diseases 
stimulates a thirst in others to expand the universe of our knowledge of the 
kidney. However, despite the captivating elegance of the many intricate 
mechanistic pathways that culminate in the findings illustrated in this text, we 
must remember that the human toll of these diseases is daunting. 
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Series Preface 


One Picture is Worth Ten Thousand Words 
— Frederick Barnard, 1927 


Remarkable progress has been made in anatomic and surgical pathology during the last 
10 years. The ability of surgical pathologists to reach a definite diagnosis is now enhanced by 
immunohistochemical and molecular techniques. Many new clinically important histopatho- 
logic entities and variants have been described using these techniques. Established diagnostic 
entities are more fully defined for virtually every organ system. The emergence of personalized 
medicine has also created a paradigm shift in surgical pathology. Both promptness and preci- 
sion are required of modern pathologists. Newer diagnostic tests in anatomic pathology, how- 
ever, cannot benefit the patient unless the pathologist recognizes the lesion and requests the 
necessary special studies. An up-to-date Atlas encompassing the full spectrum of benign and 
malignant lesions, their variants, and evidence-based diagnostic criteria for each organ system 
is needed. This Atlas is not intended as a comprehensive source of detailed clinical information 
concerning the entities shown. Clinical and therapeutic guidelines are served admirably by a 
large number of excellent textbooks. This Atlas, however, is intended as a “first knowledge 
base” in the quest for definitive and efficient diagnosis of both usual and unusual diseases. 

The Atlas of Anatomic Pathology is presented to the reader as a quick reference guide for 
diagnosis and classification of benign, congenital, inflammatory, nonneoplastic, and neoplastic 
lesions organized by organ systems. Normal and variations of “normal” histology are illus- 
trated for each organ. The Atlas focuses on visual diagnostic criteria and differential diagnosis. 
The organization is intended to provide quick access to images and confirmatory tests for each 
specific organ or site. The Atlas adopts the well-known and widely accepted terminology, 
nomenclature, classification schemes, and staging algorithms. 

This book Series is intended chiefly for use by pathologists in training and practicing surgi- 
cal pathologists in their daily practice. It is also a useful resource for medical students, cyto- 
technologists, pathologist assistants, and other medical professionals with special interest in 
anatomic pathology. We hope that our trainees, students, and readers at all levels of expertise 
will learn, understand, and gain insight into the pathophysiology of disease processes through 
this comprehensive resource. Macroscopic and histological images are aesthetically pleasing 
in many ways. We hope that the new Series will serve as a virtual pathology museum for the 
edification of our readers. 


Liang Cheng, MD 
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Preface 


The kidney is an organ with complex organogenesis, susceptible to numerous misadventures 
in development and exposed to a diverse array of insults of hematogenous and lower urinary 
tract origin. Atlas of Medical Renal Pathology provides an overview of the development and 
macroscopic and microscopic features of the normal kidney. This is followed by a comprehen- 
sive survey of developmental and cystic kidney, tubulointerstitial, and vascular diseases. 
Emphasis is placed on gross diagnostic findings with detailed histologic correlates. In addition, 
the histologic, immunohistochemical, immunofluorescent, and ultrastructural features of renal 
transplantation pathology and the major glomerular diseases are presented. This compendium 
of nonneoplastic kidney diseases illustrates the vast majority of diseases you will likely 
encounter in surgical and autopsy pathology. However, no text can hope to be truly compre- 
hensive, especially with an organ as complex as the kidney. 


Little Rock, AR, USA Stephen M. Bonsib, MD 
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Embryology and Normal 1 


Kidney Structure 


1.1 Embryologic Development 

The urinary and genital tracts develop from paired 
longitudinal cords of tissue lateral to the aorta known as the 
intermediate mesoderm. The caudal portion, known as the 
nephrogenic mesoderm, forms the kidneys. Kidney forma- 
tion progresses through three successive and overlapping 
developmental stages: the pronephros, mesonephros, and 
metanephros. The pronephros and mesonephros are transient 


Fig. 1.1 Three-week embryo. The major organ systems in this embryo 
are in early stages of development. The central nervous system and the 
spinal cord are the most prominent organs. In the caudal portion of the 
embryo, several tubules of the pronephros are visible (arrow) 


structures that do not directly contribute to the permanent 
metanephric kidney but are essential for its formation. 


1.1.1 Pronephros 


The pronephros forms in the third week of gestation. It is a 
transient vestigial organ and nonfunctional. It consists of 
seven pairs of tubules that involute 2 weeks after formation. 


Fig. 1.2 Three-week embryo, pronephros. The pronephros is a tran- 
sient organ consisting of seven paired sets of renal tubules. Several pro- 
nephric tubules are shown in this image. No glomerular structure is 
formed, so no filtration function occurs. However, if the pronephros 
fails to form, subsequent renal development is not possible 


S.M. Bonsib, Atlas of Medical Renal Pathology, Atlas of Anatomic Pathology, 1 
DOI 10.1007/978-1-4614-7150-9 1, © Springer Science+Business Media New York 2013 
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It is crucial to the development of the mesonephros because 
its tubules fuse to form the mesonephric duct. 


1.1.2. Mesonephros 


The mesonephric kidney forms in the fourth to fifth week 
of gestation. The mesonephros consists of a linear array of 
40 paired glomeruli, and short proximal and distal tubules 
that connect with the mesonephric duct. It provides lim- 
ited filtration function that continues into the fourth month 
of pregnancy. The mesonephric duct also gives rise to the 
male genital tract structures, seminal vesicles, vas deferens, 
epididymis, and rete testes. 


Fig. 1.3 Four- to five-week embryo, mesonephros. The mesonephric 
kidney is a differentiated structure consisting of vascularized glomeruli 
that filter the blood. Each glomerulus has a short proximal tubule with 
a brush border and distal tubule that connects to the mesonephric duct. 
The tubules are capable of modifying the glomerular filtrate 
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1 Embryology and Normal Kidney Structure 


Fig. 1.4 Seven-week embryo. Both the mesonephric kidney and the 
metanephric kidney are present. The inferiorly located mesonephric 
kidney contains two differentiated glomeruli. The developing gonad is 
to its right. Superiorly, the metanephric kidney (arrow) is just beginning 
to form. It consists of cellular blastema and a couple of ampullary bud 
branches that are beginning to induce nephrons 


Fig. 1.5 Seven-week embryo, mesonephros. This image shows the 
mesonephric kidney with two differentiated glomeruli. They have open 
capillary loops that contain nucleated red blood cells. The adjacent 
tubules resemble those of the adult kidney 
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11 Embryologic Development 


1.1.3 Metanephros 


During the fifth to sixth week of gestation, a diverticulum, 
known as the ampullary bud, or ureteric bud, arises from the 
distal mesonephric duct. It extends and establishes contact with 
the nephrogenic mesoderm, also known as the metanephric 
mesenchyme, from which glomeruli and the renal tubules up 
to the collecting duct are derived. The ampullary bud rapidly 
undergoes a series of dichotomous branching. The first three 
to six branches form the renal pelvis and major calyces. The 
minor calyces develop from subsequent branches, a process 
completed by approximately the 12th week of gestation. 


we j 
WE- 
A 6G 


Fig. 1.6 Seven-week embryo, metanephros. This metanephric kidney 
consists primarily of cellular renal blastema. Ampullary bud derivatives 
are present, but nephron induction has only begun. Notice the condens- 
ing blastemal cells 
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Nephron formation begins in the seventh week in paral- 
lel with collecting system development and continues until 
the 36th week of gestation, at which time nephrogenesis 
is complete. The dichotomous branching with centripetal 
nephron formation results in arcades or generations of 
nephrons arrayed along the medullary rays. The mature 
kidney contains 10—14 nephron generations. This broad 
range contributes to the marked differences in nephron 
number in adults estimated to range from 2,00,000 to 
1,500,000. From 36 weeks until term, loops of Henle form 
and the proximal and distal tubules elongate and become 
convoluted. 


Fig. 1.7 Eleven-week embryo. This metanephric kidney has now 
developed to the point at which a collecting system is present. Several 
centrally located mature glomeruli are present, surrounded by a periph- 
eral zone of active nephrogenesis. The fetal adrenal gland is at the lower 
right 
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1.1.4 Glomerulogenesis 


Metanephric glomerulogenesis begins during the eighth week 
of gestation with mesenchymal to epithelial transformation. 
Glomerulogenesis begins with condensation of blastema cells 
adjacent to the branching ureteric bud to form a cap. The cel- 
lular cap condenses into an oval mass that develops a lumen 
to become the renal vesicle. Communication with the ureteric 
bud occurs, followed by development of two clefts. The lower 


Ng 


Fig. 1.8 Glomerulogenesis. Two ureteric buds are shown. The one on 
the right illustrates dichotomous branching. Both ureteric buds have 
induced hollow vesicle formation destined to become a nephron, both 
the glomerulus and its tubular segments 
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Fig. 1.9 Glomerulogenesis. The branching ureteric bud on the left has 
a nephron in the S-shaped phase of development. It has a tubule initiat- 
ing connection to the ureteric bud. To the right are two glomeruli. The 
first (arrow) demonstrates early capillary and mesangial cell in growth 
with a row of immature podocytes below. The glomerulus to its right 
has achieved a spherical shape, with its vascular hilum at the top 
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1 Embryology and Normal Kidney Structure 


cleft creates a comma-shaped body rapidly followed by an 
upper cleft to form an S-shaped body. The middle and upper 
portions form the renal tubules. The lower portion forms a 
cup-shaped structure. It is destined to become the podocyte 
layer of the glomerular tuft. Vascular and mesangial precur- 
sor cells enter the lower cleft. Mesangial cell differentiation 
and supporting matrix formation and capillary branching pro- 
ceed until glomerular tuft formation is complete. 
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Fig. 1.10 Glomerulogenesis. In this image, maturation of the glom- 
erulus is shown sequentially. The glomerulus to the top right is in the 
S-shaped phase; it shows capillary in growth, early podocyte differen- 
tiation, and the beginning of tubule formation. A glomerulus on the left 
shows a small but vascularized glomerular tuft with its proximal tubule 
and a flattened parietal epithelial lining Bowman’s space. The third 
glomerulus to the lower right is fully formed, although the podocytes 
remain immature, forming a continuous row of cells 


Fig. 1.11 Nephrogenesis. In this image, the entire sequence of nephro- 
genesis is demonstrated. At the bottom, dichotomous branching ampullary 
buds are present. The thin rim of peripheral subcapsular cellular blastema 
is present. Beneath the blastemal rim, the nephrogenic zone is present with 
three generations of mature glomeruli below the nephrogenic zone 
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Fig. 1.12 Nephrogenesis. Once multiple generations of nephrons have 
developed, a renal lobe is formed. The enlarging lobe soon establishes 
contact with an adjacent lobe. The intervening nephrogenic layers con- 
tact to form the columns of Bertin shown in the center of this image. 
This arrangement accounts for the gross lobation of the fetal kidney, as 
shown in Fig. 1.13 


Fig. 1.14 Adult and newborn kidney. Notice that the fetal lobations so 
prominent in the newborn kidney (right) have largely disappeared in the 
normal adult kidney (left). The large difference in renal size principally 
results from elongation of the tubular portion of the nephron with an 
increase in tubular cell volume 


Fig. 1.13 Newborn kidney. This newborn kidney was bivalved through 
the collecting system. The prominent fetal lobations, often erroneously 
referred to as lobulations, are apparent on the subcapsular surface. Each 
lobe can be seen on the cut surface to represent an individual corti- 
comedullary unit in which all cortical nephrons drain into the underly- 
ing renal pyramid. Corticomedullary differentiation is evident on the 
cut surface, with the darker-appearing outer medulla and pale inner 
medulla, or papilla, easily recognized 
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Fig. 1.16 Cut surface of a normal kidney. The renal parenchyma con- 
sists of the cortex and medulla. The cortex overlays the renal pyramid 
and extends between the pyramids as columns of Bertin (arrow). The 
base of the renal pyramid has faint perpendicular cortical extensions, 
the medullary rays that contain the same tubular segments present in the 
outer stripe of the outer medulla (collecting ducts, proximal and distal 
straight tubules). The pyramids consist of the outer medulla, which has 
an outer stripe and an inner stripe, and the inner medulla or papilla 
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Fig. 1.15 Persistent fetal lobation. The subcapsular surface of this 
adult kidney has deep grooves, representing a florid example of persis- 
tent fetal lobation. This has no known functional consequence. The 
lightly granular surface is not normal; it indicates mild injury from 
hypertension and vascular disease 
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1.2 Gross Anatomy and Vasculature 

The fetal kidneys initially are located in the pelvis. With 
the rapid caudal growth of the fetus, the kidneys appear to 
ascend, although they actually gradually relocate to the ret- 
roperitoneum, a process that begins in the seventh week of 
gestation and is completed by the ninth week of gestation. 
In addition to relocation of the kidneys, their orientation 
changes from an anterior orientation of the hilum to a medial 
orientation of the hilum. 

The adult kidney averages 11—12 cm in length, 5—7 cm in 
width, and 2.5—3 cm in thickness. Its weight ranges from 125 
to 170 g in men and 115-155 g in women. The kidney has 
a central fat-containing compartment, the renal sinus, that 
invests the calyces and renal pelvis. The kidneys are covered 
by a fibrous capsule and have a concave medial surface, the 
hilum, through which the arteries enter and the ureter, veins, 
and lymphatics exit. The subcapsular surface of the kidney 
may be smooth and featureless or show the outlines of renal 
lobes, known as persistent fetal lobation, an anatomic variant 
without functional consequences. 

Each kidney comprises 11—14 lobes that consist of a cen- 
tral renal pyramid surrounded by a cap of cortex. The cortex 
is 1.0 cm thick from the renal capsule to the renal pyramids 
and extends between the pyramids another 1-1.5 cm, form- 
ing the columns of Bertin. The collecting system consists 
of 9-11 funnel-shaped minor calyces that surround the indi- 
vidual papillary tips. They have slender proximal extensions 
termed fornices. Minor calyces unite to form major calyces, 
which then merge to form the renal pelvis. There is no dis- 
tinct delineation between the pelvis and the ureter; rather, a 
gradual transition occurs. 

The main renal artery divides into anterior and posterior 
branches. The anterior branch gives rise to four segmental 
arteries that supply the anterior middle portion and both 
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the anterior and posterior poles of the kidney. The posterior 
branch becomes the posterior segmental artery and supplies 
the middle posterior portion of the kidney. Deviation from 
this pattern is common. Segmental arteries branch within the 
renal sinus to form several interlobar arteries that enter the 
parenchyma between the pyramid surface and a column of 
Bertin. They form a splay of six to eight arcuate arteries. The 
interlobular arteries arise from arcuate arteries and extend 
to the renal capsule, supplying five to six glomeruli with an 
afferent arteriole. The glomerular efferent (exiting) arteriole 
gives rise to the peritubular capillaries. The peritubular cap- 
illaries comprise a lush and complex labyrinth that tightly 
invests the renal tubules. 

Renal parenchymal veins follow the renal arteries. The 
peritubular capillaries empty into small venules. Cortical 
venules empty into the interlobular veins. They descend and 
converge to form arcuate veins that have abundant anasto- 
moses and lateral tributaries that encircle the renal pyramids 
and calyces. Arcuate veins join to become interlobar veins in 
the renal sinus. The interlobar veins converge anterior to the 
pelvis to drain the three poles of the kidney and unite to form 
the main renal vein, which may begin a centimeter or more 
outside the kidney. 

The medulla has a dual blood supply: the efferent arterioles 
of the juxtamedullary glomeruli that nourish the outer medulla, 
and the spiral arterial branches of interlobar arteries branch to 
form capillaries that nourish the inner medulla, also known as 
the papilla. The efferent arterioles of the juxtamedullary glom- 
eruli descend toward the medulla and converge as the descend- 
ing arteriolar rectae, forming organized bundles in the inner 
stripe of the outer medulla. As they descend, branches supply 
the tubules with a rich capillary plexus. The ascending arte- 
riolar rectae form the venous return, which generally follows 
the descending arteriolar rectae and empties into the arcuate 
veins. There are no arteries or veins in the renal medulla. 
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Fig. 1.17 The renal vasculature. This autopsy specimen shows the 
aorta, vena cava, and major renal vasculature. Notice that the right renal 
artery is slightly longer than the left, whereas the left renal vein is lon- 
ger than the right. The left adrenal vein (arrow) arises from the left renal 
vein and can be seen angled upward, whereas on the right side the adre- 
nal vein (not shown) arises from the vena cava 
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Fig. 1.18 Hilar vessels. The main renal artery (top hemostat) usually 
divides into anterior and posterior branches that give rise to five seg- 
mental arteries proximal to the renal hilum. All five branches are visible 
in this image. Similarly, the main renal vein (lower hemostat) often 
forms outside the kidney as two or more tributary veins converge as 
they exit the kidney. The arteries and veins interdigitate, and both vas- 
cular groups lie anterior to the renal pelvis and ureter 
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Fig.1.19 Renal cortex. The cortex consists of the cortical labyrinth and 
the medullary rays. Three medullary rays (arrows) are shown here with 
their linear array of tubules that descend to, and ascend from, the renal 
medulla. The cortical labyrinth between the medullary rays contains 
glomeruli, proximal and distal convoluted tubules, connecting tubules, 
and the initial portion of the collecting ducts, as well as interlobular 
arteries and veins, arterioles, venules, capillaries, and lymphatics 


Fig. 1.20 Renal cortex. The longitudinally oriented tubules within 
the medullary ray on the left contain the descending proximal straight 
tubules and collecting ducts, and ascending distal straight tubules. The 
cortical labyrinth on the right mostly contains glomeruli and the convo- 
luted portions of the proximal and distal tubules. Periodic—acid Schiff 
(PAS) stain 
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Fig. 1.21 Tubules of the cortical labyrinth, PAS stain. Most of the - 
tubules in the cortical labyrinth are proximal tubules. They have abun- 0 Figg ti “eo 

dant eosinophilic cytoplasm, apical PAS-positive brush border, and a Zen ACA x. ii 
larger cell volume compared with distal tubules. Two distal tubules are : 
located in the center of this image. They contain smaller cells with 


slightly more basophilic cytoplasm 


Fig. 1.23 Normal peritubular capillaries. This CD31 stain demon- 
strates the lush peritubular capillary system that occupies most of the 
peritubular interstitial space 


Fig. 1.22 The normal renal interstitium, Masson trichrome stain. 
The tubules comprise 90 96 of the cortical volume. They are closely 
approximated with their basements' membranes in direct opposition. 
The normal renal interstitium is scant, consisting primarily of peritu- 
bular capillaries 


Fig. 1.24 Cortical arteries and veins. The arteries and veins of the 
renal cortex run parallel to one another. The vein on the left is similar to 
a large capillary in that it lacks a distinct smooth muscle media. The 
adjacent artery on the right has a prominent internal elastic lamina and 
a thick but uniform media 
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Fig 1.27 Renal nerves. The renal nerves, like the lymphatics, are 
^ located predominately near the adventitia of the renal arteries. There 
are a few nerves in the cortical labyrinth extending along arterioles and 
terminating near the juxtaglomerular apparatus. There are no nerves 
in the medullary rays or within the renal medulla. This neurofilament- 
stained specimen shows several small nerve fibers outside the adventitia 
of a cortical artery 


Fig. 1.25 Cortical arteries and vein. The absence of a smooth muscle 
media in cortical veins is demonstrated with this smooth muscle actin 
(red) and CD31 immunperoxidase stain (brown). Notice the vein on the 
left has no smooth muscle staining, compared with the small arteries on 
the right. The endothelial cell linings are highlighted by CD31 stain 
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Fig. 1.26 Renal lymphatics. The renal lymphatics are located outside 
the adventitia of the renal arteries. They are small in the peripheral cor- 
tex but enlarge progressively as they descend toward the medulla. The 
cortical tubulointerstitial regions normally are devoid of lymphatics and 
there are no lymphatics in the renal medulla. However, during 
inflammatory processes neolymphatics may form. Whether they con- 
nect with the native lymphatics is not known. Podoplanin stain 
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Fig. 1.28 Normal glomerulus. The glomerulus is composed of a 
glomerular tuft that lies within Bowman’s capsule. Bowman’s capsule 
is lined by parietal epithelial cells, which are flat endothelial-appearing 
epithelial cells. The glomerular tuft is composed of the central branching 
mesangial matrix that contains mesangial cells, invested by capillaries 
lined by endothelial cells and covered by epithelial cells or podocytes. 
These cell types are most easy to identify at the periphery of the glom- 
erulus but more difficult centrally. However, accurate identification of 
cell types require the use of special stains, as shown in the following 
figures 


Fig. 1.29 Normal glomerulus, PAS stain. The fine detail of a glomeru- 
lus is revealed by PAS stain, which stains the capillary loops and mesan- 
gium magenta. In glomerular diseases, this stain highlights matrix 
alterations and cellular relationships that are so important in glomerular 
disease classification. The normal mesangium is scant and inconspicu- 
ous, and contains one to two mesangial cells 
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Fig. 1.30 Normal glomerulus, Jones methenamine silver stain. The 
silver stain, like the PAS stain, stains the mesangium and capillary 
loops. However, in contrast to PAS, which stains all components of the 
capillary loop—including endothelial cells, glomerular basement mem- 
branes, and epithelial cells—the silver stain stains only the lamina 
densa of the glomerular basement membrane. This permits visualiza- 
tion of subtle basement membrane abnormalities that develop in various 
glomerular diseases. Notice the macula densa epithelium at the bottom, 
with a few lacis cells visible between it and the glomerular tuft 


Fig. 1.31 Normal glomerulus, tubular pole. The flattened parietal epi- 
thelial cells that line Bowman's capsule usually transition abruptly to 
columnar cells of the proximal convoluted tubule (right side), as shown 
in this PAS-stained specimen 
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Fig. 1.32 Normal glomerulus, PAS stain. This image shows the vascu- Fig. 1.34 Normal parietal epithelial cells, pancytokeratin stain. In 

lar pole with the afferent arteriole to the lower right and the tubular pole contrast to podocytes, the parietal epithelial cells strongly express 

to the upper left. In this glomerulus, there are columnar proximal tubule cytokeratin but lack vimentin. The staining of parietal epithelial cells 

cells (arrow) lining a portion of Bowman’s capsule, a normal variation can be seen to continue into the proximal tubule on the left. Notice that 

with no known pathological significance the podocytes are completely negative. CAM 5.2 immunoperoxidase 
stain 


Fig. 1.33 Normal podocytes, vimentin immunoperoxidase stain. 
Although podocytes are epithelial cells, they lack cytokeratin expres- 
sion but strongly express vimentin intermediate filament 


Fig. 1.35 Normal glomerulus, CD10 immunoperoxidase stain. The 
proximal tubules and both the parietal and visceral (podocytes) glom- 
erular epithelial cells strongly express CD10. Notice the nonstaining 
distal tubules toward the bottom 
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Fig. 1.36 Normal glomerulus, colloidal iron stain. Podocytes have a 
prominent glycocalyx that stains strongly with collodial iron stain. No 
other cell types in the kidney stain with colloidal iron stain 


Fig. 1.37 Outer medulla, outer stripe. The medulla is divided into an 
outer medulla, composed of an outer stripe and an inner stripe, and the 
inner medulla or papilla. The outer stripe contains the straight portion 
of the proximal tubules, collecting ducts, and distal straight tubules 
(thick ascending limb of Henle). The inner stripe is defined by transi- 
tion from the straight portion of the proximal tubule into the thin 
descending limb of Henle. The tubules of the outer stripe of the outer 
medulla are the same as those within the medullary rays. In this image, 
two medullary rays (between the arrows) can be seen merging with the 
outer stripe of the outer medulla. The artery in the center defines the 
corticomedullary junction. The outer stripe of the outer medulla is just 
below the artery 
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Fig. 1.38 Outer medulla, inner stripe vasa recta arterioles. This cytok- 
eratin-stained specimen highlights in negative relief the vasa recta arte- 
rioles. These arterioles are derived from the efferent arterioles of the 
deep cortical glomeruli that descend into the outer medulla and con- 
verge to form these vascular bundles in the inner stripe of the outer 
medulla. CAM 5.2 immunoperoxidase stain 


Fig. 1.39 Inner medulla or papillary tip. The inner medulla contains 
thin descending and thin ascending limbs of Henle, capillaries, and the 
collecting ducts or ducts of Bellini. The thin limbs of Henle and capil- 
laries may be difficult to distinguish 
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Fig. 1.40 Inner medulla. Cytokeratin 7 immunoperoxidase stain high- 
lights the two tubular components located within the papillary tip. The 
largest structures are collecting ducts or ducts of Bellini. The slender 
structures are thin loops of Henle. Also present are peritubular capillar- 
ies, which are not stained 
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Fig. 1.41 Ducts of Bellini, junction with the collecting system. Two 
collecting ducts are merging to form a terminal duct of Bellini that 
opens into the collecting system. The epithelium covering the papillary 
tip is columnar centrally but becomes gradually stratified urothelium 
peripherally toward the fornix of the minor calyx 
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1.4 Glomerular Ultrastructure 

The glomerular tuft is composed of capillary loops draped 
around a centrally located mesangium. The capillary loops 
are lined by fenestrated endothelium whose nucleus is char- 
acteristically located near the mesangial interface. The capil- 
lary loops are covered on their external surface by podocytes 
(visceral epithelial cells). Situated between the podocytes 
and endothelial cells is the glomerular basement membrane 
(GBM). The GBM is composed of three layers: the lamina 
rara externa, lamina densa, and lamina rara interna. Podocytes 
consist of a cell body with cell processes that terminate in 
slender foot processes oriented perpendicular to the GBM. 
The foot processes of adjacent podocytes interdigitate in an 


Fig. 1.42 Electron microscopy of a normal glomerular lobule. The 
glomerulus is composed of numerous capillary loops draped around a 
central supporting mesangium. The mesangium consists of mesangial 
cells and matrix. Several capillary loops in this image are arrayed 
around two centrally located mesangial cells (arrows). Notice the scant 
gray investing mesangial matrix. The capillary loops are lined by 
endothelium on the inside and podocytes, or visceral epithelial cells, on 
the outside. The two capillary loops at the top contain red blood cells 
that stain black 
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alternating fashion. They are connected by a thin membrane 
known as the slit diaphragm. The foot processes and slit dia- 
phragm provide the most important permeability barrier. 
During the past decade, there has been an explosion in under- 
standing of the molecular biology of this region and its role 
of numerous podocyte foot process and slit diaphragm pro- 
tein in proteinuric disorders. 

The mesangium is an arborizing structure that consists of 
mesangial matrix and mesangial cells. The mesangial matrix 
is composed of microfibrils, proteoglycans, and other pro- 
teins distinct from those of the GBM. The mesangial cells 
are somewhat similar to podocytes in their architectural com- 
plexity because they also have branching cell processes that 
ramify throughout the mesangial matrix. 


Fig. 1.43 Normal podocytes. This electron micrograph shows that 
each podocyte invests several capillary loops. The interdigitating archi- 
tecture of their foot processes is visible when they are viewed en face 
(arrow) 
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Fig. 1.46 Normal mesangium and mesangial cells. The mesangial 
matrix has a coarse microfibrillar appearance. The mesangial cells con- 
tain contractile proteins, visible as thin intracellular filaments that insert 
on the cell membrane as electron-dense attachment plaques (arrow). 
These structures connect the cell to the mesangial matrix. With mesan- 
gial cell relaxation and contraction, mesangial matrix and capillary loop 
volume and function can be modulated 


Fig. 1.44 Normal capillary loop. The capillary loop is covered along 
the outside by podocytes and along the internal surface by fenestrated 
endothelial cells (lower right). The slender podocyte foot processes can 
be seen oriented perpendicular to the GBM. They are connected by a 
thin membrane known as the slit diaphragm (arrow). Several are easily 
seen in this image. The GBM is composed of three layers. Proceeding 
from the outside in are the lamina rara externa, lamina densa, and lam- 
ina rara interna. These three layers are visible only vaguely in 
immersion-fixed tissues, such as this kidney biopsy sample 


Fig. 1.45 Normal mesangium. The normal mesangium contains one to 
two mesangial cells; two (arrows) are present in this mesangial region. 
Notice within the gray mesangial matrix, the slender ramifying short 
mesangial cell processes. The nucleus of the endothelial cell on the 
right is juxtaposed to the mesangium 
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Developmental Anomalies 
and Cystic Kidney Diseases 


Cystic and developmental diseases of the kidney encompass 
a vast number of complex entities that may be renal-limited 
or part of a multiorgan malformation sequence. They also 
may be sporadic, hereditary and syndromic, or acquired, and 
may be associated with a neoplastic diathesis. In the past 
few decades, there has been enormous progress in unrav- 
eling the pathogenesis of many of these entities, and their 
genetic and molecular basis. There is a heterogeneous group 
of diseases resulting from mutation of one or more key mas- 
ter genes crucial to the proper development of the kidneys 
and lower urinary tract. Collectively, these are referred to 
as congenital anomalies of the kidneys and urinary tract 
(CAKUT). CAKUT lesions are common. They occur in 
approximately 10 % of the population and account for up to 
50 % of renal failure in children. The main types of CAKUT 
malformations are: 
* Renal agenesis 
* Renal dysplasia 
* Renal hypoplasia 
* Renal fusion, ectopia, and duplication 
e Ureteral-pelvic junction and ureterovesical junction 
obstruction 
e Vesicoureteral reflux 
* Ureteral duplication and ectopia, and ureterocle 
* Bladder extrophy, persistent cloaca, and rectal-vesicle 
fistula 
* Urethral atresia and posterior urethral valves 

There is a second family of cystic kidney diseases, the 
ciliopathies, that result from mutation of genes that encode 
for a number of proteins crucial to the function and forma- 
tion of the primary cilium of renal tubular cells. The primary 
cilium is a slender organelle that originates from the basal 
body and extends from the apical surface of tubular cells. 
The primary cilium was long regarded as a vestigial struc- 
ture. However, it is now apparent that it has critical sensory 
and cell-signaling functions that affect cell proliferation, 


polarity, and differentiation. The ciliopathies are heredi- 
tary diseases and include one of the most common genetic 
diseases, autosomal dominant polycystic kidney disease 
(ADPKD), as well as numerous other uncommon syndro- 
mic disorders as listed below: 

e Autosomal dominant 

— Autosomal dominant polycystic kidney disease 

— von Hippel-Lindau disease 

— Uromodulin-associated kidney diseases (medullary 

cystic kidney disease type II, familial juvenile hyper- 
uremic nephropathy, glomerulocystic kidney disease) 
* Autosomal recessive 

— Autosomal recessive polycystic kidney disease 

— Nephronophthisis (with or without renal-retinal dys- 

plasia, Joubert syndrome, or Senior-Loken syndrome) 

— Bardet-Biedl syndrome 

— Meckel-Gruber syndrome 

— Oral-facial-digital syndrome 

— Jeune syndrome 

Finally, there are other cystic kidney diseases of uncer- 
tain pathogenesis. These include the common simple corti- 
cal cyst, the uncommon isolated polycystic kidney disease 
(PKD) that resembles ADPKD, and acquired cystic kidney 
disease (ACKD), which is of great importance because of its 
neoplastic diathesis. 

Construction of a classification system designed to 
logically organize these many entities is challenging. For 
instance, although the diseases associated with mutation of 
ciliary proteins are all hereditary, the inheritance may be 
dominant or recessive. Further, the renal diseases encoun- 
tered in the ciliopathies range from cystic diseases that arise 
in normally formed kidneys, to cystic kidneys resulting 
from metanephric maldevelopment, to chronic progressive 
tubulointerstitial diseases that may or may not form cysts. 
Many CAKUT lesions may affect a single kidney-lower 
urinary tract unit with a completely normal contralateral 
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kidney. Conversely, many CAKUT lesions show distinctly 
different types of anomalies that affect each kidney. Finally, 
the spectrum of CAKUT diseases may arise in both a syn- 
dromic and nonsyndromic context. This vast compendium 
of developmental misadventures prompted Edith Potter to 
comment that “The more complicated an organ in its devel- 
opment, the more subject it is to maldevelopment, and in 
this respect the kidney outranks most other organs.” The 
classification shown in Table 2.1 lists the major categories 
and the entities illustrated in this chapter. 


Table 2.1 Classification of cystic kidney diseases and congenital 
anomalies of kidney and urinary tract 
Abnormalities in form, position, and number 
Rotation anomaly 
Renal ectopia 
Renal fusion 
Abnormalities in mass 
Renal hypoplasia 
Simple hypoplasia 
Cortical dysplasia 
Oligomeganephronic hypoplasia 
Segmental hypoplasia: Ask-Upmark kidney 
Renal agenesis 
Unilateral agenesis 
Bilateral agenesis: Potter syndrome 
Polycystic kidney diseases 
Autosomal recessive polycystic kidney disease 
Neonatal and infantile 
Childhood with hepatic fibrosis 
Autosomal dominant polycystic kidney disease 
Adult form 
Early-onset childhood form 
Acquired cystic kidney disease 
Isolated (localized/segmental) polycystic kidney disease 
Renal dysplasias 
Nonsyndromic 
Syndromic 
Meckel-Gruber syndrome 
Ivemark syndrome 
Jeune syndrome 
Beckwith-Wiedemann syndrome 
Oral-facial-digital syndrome 
Smith-Lemli-Opitz syndrome 
Zellweger syndrome 
Trisomy 13 
Trisomy 18 
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Table. 2.1 (continued) 


Glomerulocystic kidney 
Sporadic glomerulocystic kidney 
Glomerulocystic kidney disease 
Glomerular cysts associated with hereditary syndromes 
Other contexts with glomerular cysts 
Tubulointerstitial diseases with or without cysts 
Renal tubular dysgenesis 
Nephronophthisis 
Medullary cystic disease, types 1 and 2 
Phycomatoses and renal disease 
von Hippel-Lindau disease 
Tuberous sclerosis complex 
Miscellaneous cysts and developmental anomalies 
Simple cortical cysts 
Medullary sponge kidney 
Lymphangioma/lymphangectasia 
Subcapsular adrenal and adrenal rest 
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2.1 Abnormalities in Form, Position, 


and Number 


These diseases are discussed together because there are 
coexistent anomalies in nearly every case. For instance, 
horseshoe kidneys are ectopic and all fused kidneys are mal- 
rotated. In most cases, the kidneys show normal nephron 
development and function. However, with nonrotation and 
ectopias, problems related to urinary tract obstruction and 
infection may develop. This family of diseases may be spo- 
radic or syndromic, and may occur in combination with renal 


Fig. 2.1 Rotation anomaly. 
These kidneys illustrate 
incomplete rotation in which 
the ureters are anterior rather 
than in the normal medial 
location. Although this is a 
characteristic of ureters in renal 
fusion, in this case both kidneys 
remain separate. Notice that the 
ureters are thickened and the 
pelves appear dilated, consistent 
with the obstructive complication 
of this anomaly (From Zhou M, 
Magi-Galluzzi C, editors. 
Genitourinary pathology. 
Philadelphia: Elsevier; 2007. 

p. 241; with permission) 
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dysplasia. This section presents a modest sampling of the 
many possible defects and combination of defects. 


2.1.1 Rotation Anomaly 


Rotation anomalies are recognized by the abnormal location 
of the renal pelvis. Incomplete rotation results in an anterior 
location. This is the most common type of rotation anomaly. 
Over-rotation results in a posterior or a lateral pelvis and 
ureter. This is very uncommon. 
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2.1.2 Renal Ectopia 


Renal ectopia indicates an abnormal location of one or more 
kidneys. Their location may be pelvic, abdominal, above the 
normal renal fossa and subdiaphragmatic, thoracic, or in the 
opposite renal fossa. 


Fig.2.2 Renal ectopia. This is pelvic renal ectopia. The kidney did not 
“ascend” from the pelvis as would be normal. Notice that its ureter is 
anterior, thus the kidney is also nonrotated. Its blood supply arises from 
iliac vessels. In addition to this anomaly, the contralateral kidney was 
absent (agenesis) (From Bostwick DG, Cheng L, editors. Urologic sur- 
gical pathology. St. Louis: Mosby; 2008; Chapter 1, Fig. 1.23; with 
permission) 
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2.1.3 Renal Fusion 


Renal fusion refers to the joining of both renal units. This 
most commonly affects the lower pole, resulting in what is 
referred to as a horseshoe kidney. However, the fusion may 
be more complete, resulting in a more globular mass with 
two existing ureters. Midline fusion prevents medial rotation 
of the ureters; thus, anterior nonrotation is present. Ascent to 
the usual flank location is prevented by the inferior mesen- 
teric artery, which loops over the fused kidneys. This means 
horseshoe kidneys are not only fused and nonrotated, they 
are also ectopic. 


Fig. 2.3 Horseshoe fused kidneys. This is a typical horseshoe kidney. 
It represents both kidneys fused at their lower poles, resulting in the 
distinctive shape responsible for its name. This is the posterior surface; 
thus, the pelvis and ureters are not present. Both were dilated. This 
malformation was asymptomatic and discovered at autopsy in an elderly 
man. There is hypertensive injury (arterial nephrosclerosis), accounting 
for the coarsely granular surface 
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Fig. 2.4 Horseshoe kidney. This horseshoe kidney is from a child. It 
shows limited fusion of the lower poles. The renal pelves are markedly 
abnormal. Both pelves are extrarenal. The right pelvis is bifid, and the 
left pelvis is trifid with a narrow connecting portion 


Fig. 2.5 Fused kidneys. These are extensively fused kidneys resulting 
in a globular appearance only minimally horseshoe-shaped. This view 
of the anterior surface shows the nonrotated ureters. The right ureter is 
dilated. This anomaly was not isolated; it was associated with an 
Arnold-Chiari malformation 


www.ketabpezeshki.com 


21 


Fig. 2.6 Dysplastic horseshoe kidney. This is an example of renal 
fusion associated with bilateral renal dysplasia. There was urethral atre- 
sia resulting in megacystis and massively dilated proximal hydroureters. 
Although the right kidney is much smaller than the left kidney, notice 
that both renal moieties of the horseshoe kidney contain numerous 
small peripheral cysts 
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Fig. 2.7 Crossed fused ectopia. This composite specimen viewed pos- 
teriorly is from a newborn with nonsyndromic multiple congenital 
anomalies. The kidneys are fused and were ectopic, located in the right 
lower pelvis. Their blood supply is from the iliac vessels. Proof of 
fusion is provided by the left ureter, which is on the right side and 
crosses over to the left side of the bladder. The rectum is also on the left 
side and attached to the posterior bladder by a rectal-vesicle fistula. The 
anus was imperforate 
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2.2 Abnormalities in Mass 


2.2.1 Renal Hypoplasia 
Renal hypoplasia may be unilateral or bilateral. Renal 
hypoplasia was defined by Heptinstall many years ago in the 
first edition of Heptinstall’ s Pathology of the Kidney as follows: 
“in the absence of acquired disease, reduction of one kidney by 
more than 50 % in size, or in total renal mass by more than 1/3 
is regarded as true hypoplasia.” He further stated that “more 
important than ... mass is enumeration of renal lobes. A truly 
hypoplastic kidney possesses five or fewer, in contrast to the 
normal complement of ten or more.” Lastly, a truly hypoplas- 
tic kidney should not show metanephric maldevelopment. 
Because renal hypoplasias should have histologically 
normal-appearing nephrons, they are most readily recog- 
nized on gross exanimation by reduction in renal size and 
weight. Although a reduction in the number of renal lobes 
was emphasized by Heptinstall, a reduction in cortical thick- 
ness due to reduced nephron generation also may result in a 
small kidney and may be noted microscopically in optimally 
oriented sections. Renal hypoplasia is a very common devel- 
opmental “defect” if one includes reduced nephron numbers, 
because nephron number shows marked individual variation 
from as low as 2,00,000 to as high as 1,500,000. The criti- 
cal threshold for assignment of what should be regarded as 
“normal” nephron numbers versus hypoplasia has not been 
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Fig. 2.8 Simple hypoplasia, unilateral. This bivalved adult kidney is 
7 cm in length and weighs 84 g. On the cut surface, only three renal 
pyramids are visible. Notice also that the kidney has an odd shape. The 
cortex is thin on the right side, and there is no column of Bertin between 
the two pyramids. There was no histologic abnormality 


Fig. 2.9 Simple hypoplasia, 
bilateral. These kidneys are 
from a 2-month-old child. 
They are spherical in shape. 
Their combined weight and 
size, especially the kidney 
on the left, are less than 

half of normal. There was 
no histologic abnormality 
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determined. A reduction in nephron numbers often is related 
to prematurity, poor maternal health, and low birth weight, 
and is physiologically important because it has been strongly 
correlated with risk of hypertension as an adult. 

The types of renal hypoplasia are: 
* Simple hypoplasia 
* Oligomeganephronic hypoplasia 
e Cortical hypoplasia 
* Segmental hypoplasia/Ask-Upmark kidney 


2.2.1.1 Simple Hypoplasia 

Simple hyperplasia refers to a reduction in the number of 
renal lobes often leading to a loss of a reniform shape to the 
kidney. There are no histologic abnormalities in the young 
patient. However, if the renal mass is insufficient to maintain 
proper homeostasis, with physical maturation nephron scle- 
rosis may ensue. 
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2.2.1.2 Oligomeganephronia 

Oligomeganephronia is an uncommon entity. The daunting 
name of this disorder describes its essential features. These 
kidneys are small with reduced numbers of renal lobes that 


Fig. 2.10 Oligomeganephronia. The enlarged nephrons may not be 
easily appreciated in a single photograph but require comparison with 
an image at similar magnification from a patient of comparable age. 
This glomerulus is approximately twice the normal diameter. It also has 
more numerous glomerular capillary loops than normal, a feature that 
may be appreciated in this image. Periodic acid—Schiff (PAS) stain 
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contain too few nephrons. The nephrons present are markedly 
enlarged compared with nephrons in a patient of a similar 
age. Patients present with nephrotic range proteinuria and 
develop renal failure at a young age. 


Fig. 2.11 Oligomeganephronia. This is another example of oligome- 
ganephronia from a biopsy performed for proteinuria and renal 
insufficiency. There was no glomerulosclerosis or tubulointerstitial 
scarring. This glomerulus is markedly enlarged and also appears to con- 
tain more numerous capillary loops than a normal glomerulus. PAS 
stain (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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2.2.1.3 Cortical Hypoplasia 

Cortical hypoplasia refers to a reduction in nephron 
generations. Determination of nephron generations is best 
accomplished with a nephrectomy specimen so that properly 
oriented sections aligned along medullary rays are avail- 
able. The “normal” number of generations ranges from 10 to 


Fig. 2.12 Segmental cortical hypoplasia. This kidney is from an 
11-year-old child. It weighed 40 g and measured 7.5 cm. Notice the area 
of cortical thinning in the left center. In this location, only two to four 
nephron generations were present (see Fig. 2.13) 


Fig. 2.13 Segmental cortical hypoplasia. This section is from the 
thinned cortex of the specimen shown in Fig. 2.12. It shows only two 
nephron generations. Notice that there are no medullary rays and that 
there is no evidence of nephron atrophy or metanephric dysgenesis 
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14 generations. Nephron generation counting is imprecise. 
However, if a threshold for a diagnosis of cortical hypoplasia 
is set at a 50 % reduction in nephron generation—that is, 
four to five generations in a properly oriented section—then 
the reliability of this assessment is reasonable. 


Fig. 2.14 Normal cortex. Cortical hypoplasia may be difficult to rec- 
ognize histologically unless a well-oriented section shows the full corti- 
cal thickness along a medullary ray. In this image from a normal kidney, 
there are two medullary rays with three rows of nephrons aligned per- 
pendicular to the medullary ray tubules 
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Fig 2.15 Normal cortex. Although the normal kidney should have 
10-14 generations of nephrons, identifying more than 9 to 10 genera- 
tions in a well-oriented section is difficult. Notice in this lower- 
magnification view of the kidney shown in Fig. 2.14, that six to seven 
generations can be counted in this incomplete view of the cortex. It is 
evident that counting generations is subjective. However, when a 
marked reduction occurs, as in Figs. 2.13, 2.16, and 2.17, cortical hyp- 
oplasia can be identified 


66485457-66963820 


2 Developmental Anomalies and Cystic Kidney Diseases 


de LÀ 


Fig2.16 Cortical hypoplasia. This kidney is from a 17-year-old patient 
with cortical hypoplasia. The kidney weighed only 15 g. A maximum 
of three nephron generations are present, and there is no atrophy or 
metanephric dysgenesis 


2.2.1.4 Segmental Hypoplasia 
(Ask-Upmark Kidney) 

Segmental hypoplasia may present in neonates or adults, and is 
associated with hypertension. It is a controversial entity. Some 
regard it as an acquired lesion secondary to vesicoureteral 
reflux. Others, like the author, agree with reflux-related injury, 
but believe most cases are developmental in origin as a result 
of in utero reflux that damages the developing renal lobe. 
Segmental hypoplasia is defined as a small kidney with a deep 
cortical groove(s) and dilatation of adjacent calyx. Microscopic 
features include sharply delineated cortical lesions. The cortex 
contains few tubules, with no or only rare glomeruli, little or 
no inflammation, and no evidence of metanephric dysgen- 
esis or nephron atrophy. The medulla is absent or flattened 
with no loops of Henle and may contain a distinctive cellular 
interstitial mesenchymal tissue not present in the normal renal 
pyramid. Extrarenal vascular anomalies occur in 40 96 of cases 
supporting a developmental abnormality. 


Fig. 2.18 Segmental hypoplasia. This example of segmental hypoplasia 
shows the circumferential deep cortical groove characteristic of segmen- 
tal hypoplasia. The groove represents an absent or minimally developed 


Fig. 2.17 Cortical hypoplasia. This kidney is from a 7-year-old child 
with cortical hypoplasia. The kidney weighed 9.8 g and was 4 cm in 
length. Only two to three nephron generations are present, and there is 
no atrophy or metanephric dysgenesis 
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renal lobe (Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.19 Segmental hypoplasia. This is the bivalved surface of the kid- 
ney in Fig. 2.18. This specimen shows pelvicalyceal distortion and ecta- 
sia with a segment of extreme parenchymal attenuation at the base of the 
groove (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.20 Ask-Upmark segmental hypoplasia. This bivalved kidney is 
from a 17-year-old female. It is only 7 cm in length and contains a single 
circumferential deep cortical groove and dilated collecting system. The 
histologic features of the groove are shown in Fig. 2.21. In addition to the 
segmental hypoplastic focus, there was cortical hypoplasia with a reduc- 
tion in nephron generation to two to three generations in sections of oth- 
erwise normal cortex away from the groove, as shown in Fig. 2.22 


Fig. 2.21 Segmental hypoplasia. This is the hypoplastic focus from 
the specimen in Fig. 2.20. Notice the abrupt transition from normal cor- 
tex to the hypoplastic focus. In this lesion, stroma predominates, with a 
few tubules and several glomeruli. No atrophic tubules or sclerotic 
glomeruli are present to indicate an atrophic lesion 
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Fig. 2.22 Cortical hypoplasia. In some sections distant from the hyp- 
oplastic focus shown in Fig. 2.21, there was a marked reduction in 
nephron generations. This full-cortical section shows only two to three 
nephron generations. This developmental abnormality strengthens the 
postulate that segmental hypoplasia may have a developmental basis, at 
least in some cases 


Fig. 2.23 Segmental hypoplasia. This bivalved specimen is from a 
33-year-old woman with a 38-g, 7.5-cm kidney. She presented with a 
blood pressure reading of 220/120 mmHg. There are multiple hyp- 
oplastic foci, and the renal pelvis is significantly dilated 
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Fig. 2.24 Ask-Upmark segmental hypoplasia. This is a hypoplastic 
focus from the specimen shown in Fig. 2.23. It demonstrates the abrupt 
transition from normal cortex to the hypoplastic focus. The hypoplastic 
focus contains dilated veins, hypertrophied arteries, and several small 
tubules, but no glomeruli. No tubular atrophy or glomerulosclerosis is 
present 


Fig. 2.25 Segmental hypoplasia. This hypoplastic segment from the 
kidney of a 33-year-old woman shows how narrow the hypoplastic foci 
may be. Notice the normal cortex on both sides of the lesion and the 
characteristic abrupt transition. The hypoplastic focus contains thick- 
walled arteries, dilated veins, and no evidence of normal or sclerotic 
glomeruli 
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Fig. 2.26 Segmental hypoplasia. This image of a lesion from another 
case shows the abrupt transition from normal cortex to the hypoplastic 
focus. The hypoplastic focus contains dilated veins, hypertrophied 
arteries, infrequent small tubules, and mild inflammation. No tubular 
atrophy, normal glomeruli, or glomerulosclerosis is present 
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2.2.2 Renal Agenesis 


The most extreme form of reduced renal mass is renal agenesis 
or complete absence of kidney and ureter. Renal agenesis 
may be unilateral or bilateral. Unilateral agenesis may be spo- 
radic or part of several malformation syndromes. Bilateral 
agenesis is often referred to as Potter syndrome. Because the 
kidneys are responsible for producing much of the amniotic 


Fig. 2.27 Bladder in unilateral renal agenesis. In renal agenesis, both 
the ureter and the kidney are absent. Because the ureter contributes to 
the formation of the trigone musculature, the trigone will be abnormal. 
This is an example of left unilateral renal agenesis. Notice that only the 
right hemitrigone is present (left). The left hemitrigone (right) and 
corresponding left ureteral orifice are absent. Male patients with unilat- 
eral agenesis often have no mesonephric duct-dependent structures and 
present with unilateral testicular agenesis (From Bostwick DG, 
Cheng L, editors. Urologic surgical pathology. St. Louis: Mosby; 2008: 
Chapter 1, Fig. 1.28; with permission) 
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fluid in the latter half of pregnancy, mothers of neonates with 
Potter syndrome present with oligohydramnios. Potter syn- 
drome results in neonatal death from pulmonary hypoplasia 
because amniotic fluid is required for proper lung develop- 
ment. Neonates with Potter syndrome also have extrarenal 
anomalies known as the Potter sequence or oligohydramnios 
phenotype. The Potter sequence includes Potter facies, illus- 
trated later, and varus deformity of the lower extremities. 


Fig. 2.28 Bilateral renal agenesis. This fetus shows an exposed retro- 
peritonuem following removal of most of the abdominal contents. 
Although the adrenals are present, both kidneys and ureters are absent. 
The bladder in this case would have no trigone or ureteral orifices (From 
Bostwick DG, Cheng L, editors. Urologic surgical pathology. St. Louis: 
Mosby; 2008: Chapter 1, Fig. 1.28; with permission) 
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Fig. 2.29 Potter facies. Third-trimester fetuses or newborns with 
severe maternal oligohydramnios from any cause (Potter syndrome, 
bilateral renal dysplasia, and distal complete urinary tract obstruction) 
will have Potter facies, which includes a broad beaked nose; bilateral 
epicanthic folds; low-set, often posteriorly rotated ears; and a recessed 
mandible 


Fig. 2.30 Potter facies. The lateral view of the newborn shown in 
Fig. 2.29 with Potter facies shows a low-set, posteriorly rotated ear; 
recessed chin; and beaked nose 
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2.3 Polycystic Kidney Diseases 
Polycystic kidney disease refers to a group of disorders 
characterized by the presence of numerous cysts, usually 
both cortical and medullary, in a kidney in which nephron 
formation is otherwise normal. There are two genetic forms, 
an acquired form and an idiopathic form, as listed below: 
* Autosomal recessive polycystic kidney disease (ARPKD) 
— Neonatal and infantile onset 
— Childhood onset with hepatic fibrosis 
e Autosomal dominant polycystic kidney disease (ADPKD) 
— Adult form 
— Early-onset childhood form 
* Acquired cystic kidney disease (ACKD) 
* Localized (segmental or unilateral) polycystic kidney 
disease (PKD) 


2.3.1 Autosomal Recessive Polycystic 


Kidney Disease 


ARPKD is rare, occurring in 1:20,000 births. It results from 
mutation of PCKDI, located on 6p12, which encodes for the 
protein fibrocystin. The renal disease varies greatly in sever- 
ity. The most severe forms affecting neonates and infants lead 
to death related to pulmonary hypoplasia. The impaired pul- 
monary development is attributed to the massively enlarged 
kidneys that compromise the thoracic space. ARPKD also 
affects the liver in the form of a bile duct plate malformation. 
This is a useful histologic finding in older patients in whom 
the renal findings may not be diagnostic. In surviving chil- 
dren, the liver abnormality is usually progressive, resulting 
in congenital hepatic fibrosis and death due to complications 
related to portal hypertension. 
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Fig. 2.33 ARPKD, neonatal onset. These bivalved kidneys are from 
the neonate in Fig. 2.32. Notice that the renal pelvis and ureters are 
normally formed. The kidneys are reniform but diffusely cystic, with 
both cortex and medulla affected by cysts 


Fig. 2.31 ARPKD, neonatal onset. Shown is a term infant with 
ARPKD. Notice the massive abdominal distension from the enormously 
enlarged kidneys. The thoracic space is very small because the massive 
kidneys impeded lung development. Thus, this infant died from respira- 
tory failure due to pulmonary hypoplasia 


Fig. 2.34 ARPKD, neonatal onset. This is another example of a neo- 
nate with severe ARPKD. The diffuse and uniform character of the 
cysts is apparent and imparts a spongy appearance, thus the term sponge 
kidney. However, it should not be confused with medullary sponge kid- 
ney, a completely different disorder 


Fig. 2.32 ARPKD, neonatal onset. This is another term infant with 
ARPKD. The massively enlarged kidneys are more readily demon- 
strated in this image. The kidneys are congested, but numerous tiny 
cysts are faintly visible through the thin renal capsule 
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Fig. 2.35 ARPKD, neonatal onset. The cortical and medullary collect- 
ing duct cysts have a radial distribution that can be appreciated in opti- 
mally oriented and fixed specimens, as in this case (Courtesy of The Jay 
Bernstein, MD, Consultative Collection) 
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Fig. 2.36 ARPKD, infantile onset. This kidney is from an infant with 
ARPKD. In this case, the kidneys are enlarged but less so than in the 
neonatal presentations. Some regions of the cortex lack grossly visible 
cysts. The reduced renal size allows better pulmonary development and 
longer survival compared with the neonatal form (Courtesy of The Jay 
Bernstein, MD, Consultative Collection) 
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Fig. 2.37 ARPKD, childhood onset. This childhood example of 
ARPKD shows cysts largely confined to the renal medulla. The cystic 
kidney disease resulted in minimal renal impairment primarily related 
to concentrating defects. Because the kidney size is not dramatically 
increased, normal pulmonary development occurred and survival into 
childhood or young adulthood was possible. However, affected patients 
usually develop complications due to congenital hepatic fibrosis 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.38 ARPKD, neonatal onset. The cortex in neonatal ARPKD is 
diffusely expanded by massively dilated collecting duct cysts. The 
nephrons, glomeruli, and proximal and distal tubules are usually normal 
but appear inconspicuous between the cystic collecting ducts 


66485457-66963820 


2.3 Polycystic Kidney Diseases 


Fig. 2.39 ARPKD, neonatal onset. This is another example of ARPKD. 
The normal nephron components are more readily apparent between 
the collecting duct cysts. Although the cystic disease appears less severe 
than that shown in Fig. 2.38, the kidneys were still massively enlarged 
and the neonate succumbed to a respiratory death 


Fig. 2.40 ARPKD, neonatal onset. The cystic collecting ducts are 
lined by low cuboidal epithelium. The glomeruli and tubules are histo- 
logically and functionally normal. No interstitial fibrosis or atrophic 
changes have developed 
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Fig. 2.41 ARPKD, infantile onset. This kidney from a 7-month-old 
infant with ARPKD has fewer and smaller collecting duct cysts. Notice 
that the interstitium is expanded with fibrosis. Early atrophic tubular 
changes are present 


Fig. 2.42 ARPKD, childhood onset. This kidney is from a 3-year-old 
child with ARPKD. In children with ARPKD, the cortical collecting 
cysts may be small and usually are rounded in profile. There also is 
ectasia of other tubules, likely proximal tubules. Most cysts are located 
in the renal medulla, affecting concentration function 
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Fig. 2.43 ARPKD, neonatal onset. The liver in neonatal ARPKD has Fig.2.45 Liverin ARPKD, childhood. This liver in childhood ARPKD 
a characteristic bile duct plate abnormality. The bile ducts reside inan with congenital hepatic fibrosis shows marked fibrous portal expansion 
expanded portal triad and are peripherally arrayed and branched. This with bridging fibrosis connecting adjacent portal tracts. This patient had 
liver abnormality may be a useful finding in cases in which the renal portal hypertension. Masson trichrome stain 

lesion is less severe and the diagnosis is more challenging. However, 

several other cystic kidney diseases also may have a bile duct plate mal- 

formation and develop congenital hepatic fibrosis 
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Fig. 2.44 Liver in ARPKD, childhood onset. The liver in childhood 
ARPKD shows changes of congenital hepatic fibrosis. Bile duct abnor- 
malities are present, and the portal tract is expanded as the result of 
dense portal fibrosis 
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2.3.2 Autosomal Dominant Polycystic 
Kidney Disease 


ADPKD is the most common cystic kidney disease, as 
well as the most common genetic kidney disease, with an 
incidence of 1:500—1,000. It is the fourth leading cause of 
end-stage kidney disease (ESKD) and has extrarenal com- 
plications that include hepatic and pancreatic cysts, cerebral 
artery aneurysms, cardiac valve defects, and colonic diver- 
ticulosis. Many patients develop additional cardiovascular 


Fig. 2.46 ADPKD. These autopsy kidneys in a patient with end-stage 
ADPKD show markedly enlarged and diffusely cystic kidneys. The 
cysts are round but variable in size and affect both cortex and medulla. 
The cysts’ contents vary from clear, to opaque fluid, to hemorrhagic, 
and may become infected or contain calculi 
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complications related to hypertension and renal failure. 
ADPKD results from mutation of either PKD/ or PKD2, 
genes located on chromosomes 16p13.3 and 4q21-23, 
respectively. They encode for the proteins polycystin 1 and 
2, respectively. Cyst development is delayed in most patients 
until adulthood; however, ADPKD may present in childhood. 
Despite the impressive cystic transformation of the kidney 
in advanced ADPKD, the cysts develop in only 1 46 of the 
nephrons. Progressive cyst expansion damages the remain- 
ing nephron population. 


Fig. 2.47 ADPKD. In this case of end-stage ADPKD, the entire kid- 
ney is cystic. There are several very large cysts. Essentially no normal 
renal parenchyma is present, making it difficult to distinguish cortex 
from medulla 


Fig. 2.48 ADPKD. Another example of end-stage ADPKD shows a 
massively enlarged, diffusely cystic kidney. ADPKD kidneys may be 
enormous, with individual renal weights of a kilogram or more 
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Fig. 2.49 ADPKD, childhood onset. This kidney from a child with a 
family history of ADPKD contains only a few cysts. However, over 
time they would increase in number and size. Whenever cysts are 
encountered in someone younger than 40 years, a hereditary cyst dis- 
ease should be considered 


Fig. 2.50 ADPKD, childhood onset. This partial nephrectomy was 
performed in a child because of concern about a cystic neoplasm. The 
rest of the kidney was normal. However, when the contralateral kidney 
was imaged, it contained several cysts. ADPKD subsequently was 
genetically confirmed 


Fig. 2.51 ADPKD. The liver 
in patients with ADPKD may 
develop bile duct cysts. This 
autopsy case of ADPKD shows 
a diffusely cystic kidney and a 
liver containing a few large bile 
duct cysts. In most cases, the 
liver cysts are asymptomatic. 
The liver cyst lining is smooth 
and glistening because it is lined 
by mucinous epithelium 

(From Zhou M, 

Magi-Galluzzi C, editors. 
Genitourinary pathology. 
Philadelphia: Elsevier; 

2007. p. 229; with permission) 
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Fig. 2.52 ADPKD. This 
autopsy liver from a patient 
with ADPKD shows severe 
involvement by confluent bile 
duct cysts that have effaced 
the intervening parenchyma, 
analogous to what occurs 

in the kidney. Cysts may 
become symptomatic if large 
or if secondary complications, 
such as infection, occur 
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Fig. 2.54 ASPKD. This figure shows the earliest stages of cystic trans- 
formation in ADPKD. The patient had a positive family history of 
ADPKD and died in a motor vehicle accident. The kidneys were not 
grossly enlarged but contained a few small cysts. Most of the renal 
parenchyma was completely normal. In this section, two large cysts are 
present, likely arising in a single nephron 


Fig. 2.53 ADPKD. This case of ADPKD shows multiple papillary 
RCCs. The risk, if any, of RCC in ADPKD is controversial. Most cases 
reported have been single case reports or small series. No large popula- 
tion-based studies have been performed 
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Fig. 2.57 ADPKD. This advanced case of ADPKD shows large cysts 
with little remaining intervening renal parenchyma. The cysts are lined 
Fig. 2.55 ADPKD. This autopsy kidney from another young adult predominately by inconspicuous attenuated epithelium 

with a family history of ADPKD shows the early stages of disease. Like 
the preceding image, most of the kidney is normal. A cortical cyst is on 
the left. A complex of medullary cysts in the lower right show the typi- 
cal thin septae of ADPKD seen in more advanced cases 


Fig. 2.58 ADPKD. The cysts’ contents are variable. In this case, the 
cysts contain proteinacious fluid. They also may contain hemorrhage or 
a neutrophilic infiltrate if infected. The interstitium shows fibrosis and 
calcification 


Fig. 2.56 ADPKD. This case of advanced ADPKD shows multiple 
large cysts. The intervening cortical tissue shows tubular atrophy, inter- 
stitial fibrosis, and mild chronic inflammation 
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2.3.3 Acquired Cystic Kidney Disease 


ACKD is defined by the presence of three or more cysts, 
bilaterally, in the native kidneys of patients with ESKD 
whose original disease was not the result of a cystic kidney 
disease. Development of ACKD is common among dialysis 
patients, and its incidence increases over time. By 10 years 
on dialysis, most patients will be affected. A major concern 
with ACKD is development of renal cell carcinoma (RCC), 
which will occur in approximately 10 % of affected patients. 
However, RCC also may develop in patients with ESKD and 
no cysts. Although all types of RCC may arise in ACKD, 
the incidence of papillary renal carcinoma is increased 
in ACKD. However, the most common RCC in ACKD is 
ACKD-associated RCC, which has a distinctive histologic 
appearance and a unique finding of intratumoral calcium 
oxalate crystals. 


Fig. 2.59 ADPKD. It is not uncommon for the cyst epithelium to show 
proliferative activity. The tufts and papillary formations usually are 
lined by a single layer of cytologically bland epithelium 
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Fig. 2.61 ACKD. This example of ESKD with early ACKD shows 
multiple variably sized cysts located within both the cortex and medulla, 
resembling the picture of ADPKD. In contrast to ADPKD, however, the 
kidney in ACKD is grossly smaller because it is affected by ESKD prior 
to cystic alteration. Histologically, there would be advanced nephro- 
sclerosis and tubulointerstitial scarring 


Fig. 2.60 ADPKD. This is another example of a cyst with papillary 
hyperplasia. Notice that the epithelium is bland and single layered, with 
no nuclear pleomorphism or mitotic activity 
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Fig 2.62 ACKD. This end-stage kidney shows advanced ACKD and 
appears grossly similar to that seen in ADPKD. However, this kidney is 
only 12 cm in length, much smaller than a similarly affected kidney in 
ADPKD. In addition, the patient was known to have been on dialysis 
for many years and did not have cysts at the initiation of dialysis 
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Fig. 2.63 ACKD with RCCs. 
Patients with ACKD are at risk 
for multiple and bilateral RCC 
of various types. These bivalved 
kidneys (left and right kidneys 
are shown) from a patient with 
ACKD show bilateral and 
multifocal RCCs 
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. ; . . . . Fig. 2.66 ACKD. In advanced ACKD, the kidney may be composed 
Fig. 2.64 End-stage kidney with RCC. Patients with end-stage kid- — of numerous cysts with only slender cords of residual scarred paren- 
neys without ACKD also are at increased risk for RCC. This noncystic chyma, again very similar to ADPKD 


end-stage kidney contains a papillary RCC on the left and multiple tiny 
papillary adenomas not well demonstrated in this image 
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Fig. 2.65 ACKD. In ACKD, the cysts form in an already scarred cor- 

tex. The histologic appearance is very similar to that of ADPKD. As in 

ADPKD, the cysts may contain proteinaceous material or blood, or may 

become infected Fig. 2.67 A characteristic feature of end-stage kidneys is the presence 
of birefringent calcium oxalate crystals. These are infrequent in 
ADPKD, and may be a helpful clue to the correct diagnosis when 
present 
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Fig. 2.68 ACKD with a proliferative lesion. It is common to observe 
microscopic proliferative lesions affecting renal tubules. The smallest 
lesions, such as those shown here, may be referred to as tubular hyper- 
plasia. This is an incipient neoplasm whose size is below the threshold 
that merits a neoplastic designation. Several RCCs were present else- 
where in the kidney 


Fig. 2.69 ACKD-associated RCC. The most common RCC to develop 
in ACKD is the ACKD-associated RCC. This tumor has a solid, papil- 
lary, or microcystic architecture and is composed of vacuolated cells 
with eosinophilic cytoplasm. Psammomatous calcification is common, 
as shown here 
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Fig. 2.70 ACKD-associated RCC. The most distinctive and unique 
feature of ACKD-associated RCC is the frequent presence of calcium 
oxalate crystals within the tumor. No other renal neoplasm has been 
described with this finding 
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2.3.4 Localized Polycystic Kidney Disease 


Localized PKD is a rare nongenetic cystic kidney disease in 
which there is a localized collection of cysts that affect an 
entire kidney, or a portion of a kidney, with a normal non- 
cystic contralateral kidney. Thus, the lesion also has been 
also been referred to as unilateral or segmental PKD. The 
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Fig. 2.71 Localized PKD. This example of localized PKD developed 
in a |-year-old child. The cysts are round and fairly uniform in size. 
They have affected the entire kidney, involving both cortex and medulla. 
The contralateral kidney was normal 


Fig. 2.72 Localized PKD. In this case, there is extensive cystic disease 
affecting most, but not all, of the kidney. The cysts are round and uni- 
form in size 
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cysts are tightly clustered and replace the renal parenchyma, 
similar to advanced ADPKD. Histologically, they strongly 
resemble ADPKD. They often localize to the medulla but 
commonly also involve the cortex. When only a portion of 
the kidney is involved, the lesion usually is regarded preop- 
eratively as a cystic neoplasm. 


Fig. 2.73 Localized PKD. In this example of localized PKD, a large 
portion of the kidney is affected. Notice, however, that a separate 
smaller lesion is present in the midzone of the kidney 


Fig. 2.74 Localized PKD. This case of localized PKD in an adult 
shows an example of cystic involvement confined to the renal medulla. 
If multiple pyramids were involved, the differential of cystic disease 
with isolated medullary involvement would be raised, which would 
include childhood presentation of ARPKD, medullary cystic disease, 
and medullary sponge kidney. The differential would be resolved by a 
combination of clinical and histologic findings 
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Fig. 2.75 Localized PKD. This image shows a collection of cysts 
involving the renal medulla. Between the larger cysts are normal 
tubules. This field is histologically indistinguishable from ADPKD 


Fig. 2.76 Localized PKD. In localized PKD, the cysts are derived 
from distal tubule/collecting ducts and are lined by a low cuboidal epi- 
thelium. Although similar cyst lining may be observed in ADKPD, the 
lining cells usually are flattened unless papillary hyperplasia is present, 
as illustrated in Figs. 2.59 and 2.60. Imaging the contralateral kidney is 
required for accurate diagnosis, which is a diagnosis of exclusion 
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2.4 Renal Dysplasia, Nonsyndromic 

Renal dysplasia refers to aberrant metanephric 
differentiation. This most often is a sporadic event 
with a low likelihood of a subsequently affected fetus. 
Alternatively, it may be syndromic, occurring in many 
multiple malformation syndromes, or may be part of a 
nonsyndromic multiple malformation syndrome. The 
kidneys themselves may range from large and diffusely 
cystic (so-called multicystic dysplasia or cystic dysplasia) 
to small kidneys with few or no cysts (so-called aplastic 
kidney or aplastic dysplasia). The histologic severity of 
the metanephric dysgenesis varies widely, ranging from 
extensive cyst formation with few primitive nephron ele- 
ments, to islands of differentiating tissue that contain 
normal-appearing nephrons that may exhibit corticomed- 
ullary differentiation but are not connected to a collecting 
system, to extensive zones of seemingly well-developed 
kidney with only a modest number of cysts or dysgenetic 
nephrons. 

Most examples of renal dysplasia are associated with 
malformation of the lower urinary tract. The ureter of the 
affected segment may be atretic, stenotic, or massively 
dilated, or the urethra may be atretic or obstructed by a pos- 
terior urethral valve, a situation usually associated with bilat- 
eral disease. The lower urinary tract lesions are regarded as 
part of the malformation sequence rather than the culprit 
responsible for renal maldevelopment. 

The nonsyndromic dysplasias are broken down into sev- 
eral categories based on the anatomic distribution of renal 
involvement. A simple classification of nonsyndromic renal 
dysplasia is as follows: 

* Unilateral 
* Bilateral 
* Segmental dysplasia associated with duplex kidney 

The following images provide a sampling of the spectrum 
of renal dysplasia that may be encountered, beginning with 
sporadic and nonsyndromic multiple malformation events. 
These are followed by images of the dysplastic spectrum that 
may be encountered within a modest sampling of the many 
genetic malformation syndromes in which renal dysplasia 
may be but one component. It is not possible to distinguish a 
nonsyndromic from syndromic event based on the renal 
findings. 
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Fig. 2.77 Unilateral multicystic renal dysplasia with unilateral renal 
agenesis. This is a second-trimester termination of pregnancy. The right 
kidney is enlarged and diffusely cystic, whereas the left kidney is 
absent. The left adrenal is located where the left kidney should reside. 
Because no urine is formed in utero, oligohydramnios developed. This 
infant would have died a respiratory death from pulmonary hypoplasia 
if the pregnancy was allowed to come to term (From Bostwick DG, 
Cheng L, editors. Urologic surgical pathology. St. Louis: Mosby; 2008: 
Chapter 1, Fig. 1.23; with permission) 
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Fig.2.79 Bilateral multicystic renal dysplasia. This is a second-trimes- 
ter termination of pregnancy for bilateral multicystic dysplasia. Both 
kidneys are diffusely cystic and massively enlarged. Both adrenals are 
also visible. Bilateral multicystic dysplasia is a lethal condition because 
of failure of amniotic fluid production necessary for pulmonary devel- 
opment. The massively enlarged kidneys also may compromise the 
thoracic space, as in ARPKD. Although both lungs and the diaphragm 
have been removed, the small size of the thoracic cavity is evident 
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Fig. 2.78 Unilateral aplastic dysplasia. Not all dysplastic kidneys are 
cystic. This is an example of a 1-cm dysplastic kidney from an adult 
with vaginal ureteral ectopia. It did not contain grossly visible cysts; 
therefore, it is very small, that is, aplastic. Patients with multicystic dys- 
plasia followed up with sequential ultrasounds often show progressive 
reduction in cyst size over time, and the kidney may become “aplastic” 
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Fig. 2.80 Bilateral multicystic renal 
dysplasia with megacystis. Both 
kidneys are diffusely cystic with 
moderate hydroureters. The bladder 
is massively distended because of the 
presence of posterior urethral valves 


oo 


Fig. 2.81 Bilateral multicystic renal dysplasia. Ureteral abnormalities 
such as atresia, stenosis, and hydroureter are commonly encountered 
with multicystic dysplasia. This is an extreme example of ureteral atre- 
sia associated with bilateral multicystic dysplasia (From Bonsib SM. 
The classification of renal cystic diseases and other congenital anoma- 
lies of the kidney and urinary tract. Arch Pathol Lab Med. 2010;134:554— 
68; with permission) 
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Fig. 2.82 Bilateral aplastic renal dysplasia. This example of bilateral 
renal aplasia was associated with massive hydroureters secondary to 
urethral atresia. The kidneys are small and the adrenal glands appear 
large by comparison as they drape over the kidneys. The kidneys are 
small because they lack cysts, that is, they are aplastic. Although there 
is urethral atresia, the bladder is not massively dilated because of a 
rectal-vesicle fistula. Notice the rectum on the right 
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Fig. 2.83 Bilateral multicystic renal dysplasia. This is a unique exam- 
ple of ureteral malformation associated with bilateral multicystic dys- 
plasia. In this case, there is ureteral “fusion.” Notice that the ureter from 
each kidney (each is bivalved as shown here) joins midway to the blad- 
der and enters the bladder in the midline. The embryologic basis of this 
abnormality is not clear 
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Fig. 2.84 Bilateral cystic renal dysplasia. The renal abnormalities will 
not always be identical, even in the face of acommon distal obstruction. 
This case of urethral obstruction is secondary to posterior urethral 
valve. It shows a large multicystic left kidney and a much smaller, albeit 
still dysplastic, right kidney 


Fig. 2.85 Urethral atresia 
without renal dysplasia. 

In most cases with in utero 
complete urinary tract 
obstruction, bilateral renal 
dysplasia is an expected finding. 
However, there are exceptions. 
This fetus shows massive 
abdominal distension due to 
urethral atresia. Bilateral cystic 
dysplasia was anticipated but 
was not present (see Fig. 2.86) 
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Fig. 2.87 Bilateral multicystic renal dysplasia. This is another case of 
urethral obstruction due to posterior urethral valve. Although both renal 
units would seem to have been affected by similar obstructive injuries, 
they developed grossly dissimilar renal anomalies. The kidney on the 
left shows typical multicystic dysplasia without formation of a discern- 
able collecting system. The kidney on the right is hydronephrotic, with 
marked cortical thinning that histologically showed only mild dysplas- 
tic features 


Fig. 2.86 Urethral atresia without renal dysplasia. Urethral atresia 
resulted in megacystis. Although there is moderate hydroureter and 
mild hydronephrosis, there are no discernable renal cysts and there is 
normal-appearing corticomedullary differentiation. There was no histo- 
logic evidence of renal dysplasia in either kidney (From Bostwick DG, 
Cheng L, editors. Urologic surgical pathology. St. Louis: Mosby; 2008: 
Chapter 1, Fig. 1.28; with permission.) 
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Fig. 2.88 Multicystic dysplasia. This bivalved kidney has the typical 
appearance of multicystic dysplasia. The kidney is entirely cystic. There 
is no grossly recognizable corticomedullary differentiation, although a 
portion of the renal pelvis is visible in the center. Microscopically, it 
was composed of variably sized cysts surrounded by loose connective 
tissue. No discernable nephrogenesis was present (From Bostwick DG, 
Cheng L, editors. Urologic surgical pathology. St. Louis: Mosby; 2008: 
Chapter 1, Fig. 1.34; with permission) 


Fig. 2.89 Multicystic dysplasia. This multicystic kidney, the same one 
shown in Fig. 2.88, is composed almost entirely of variably sized cysts 
surrounded by loose connective tissue. There are only a few clusters of 
small tubules in the fibrovascular stroma between the dominant cysts. 
No corticomedullary differentiation is present 
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Fig. 2.90 Multicystic dysplasia. In this example of cystic dysplasia, 
rudimentary corticomedullary differentiation is apparent. In the center 
of the image, the aberrant medullary tissue is composed of immature- 
appearing ducts surrounded by collars of loose mesenchymal cells. The 
cortex contains large cysts and a few small tubules 


Fig. 2.91 Renal dysplasia. This dysplastic kidney also shows rudi- 
mentary corticomedullary differentiation. The cortex contains small 
cysts and a few tubules. The medullary portion in the lower center con- 
tains a collection of small dysplastic ducts with collars of loose mesen- 
chymal cells 
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Fig. 2.92 Renal dysplasia. This dysplastic kidney contained small 
cysts (not shown) and demonstrated a corticomedullary island in which 
relatively well-developed nephrons are present. This renal lobe-like 
structure is not connected to a collecting system and would have no 
ability to contribute to renal function 


Fig. 2.94 Renal dysplasia. This dysplastic kidney shows well-formed 
cortical nephrons with a few small cysts. By contrast, the renal pyramid 
in the lower center is severely maldeveloped, consisting of a couple of 
ducts set in loose mesenchymal tissue 


Fig.2.93 Renal dysplasia. In contrast to the extremely limited nephro- 
genesis present in the previous images, this dysplastic kidney shows 
corticomedullary differentiation and many well-developed cortical 
nephrons. The dysplastic changes are limited to the periphery of the 
renal lobes, beneath the capsule and midline column of Bertin. 
Depending on the quantity of functional nephrons, this patient may 
have a limited degree of renal function that may become insufficient 
over time with increasing body mass 


Fig. 2.95 Dysplastic ducts. A classic histologic finding of renal dys- 
plasia is dysplastic or immature ducts. They are small ducts, often in 
small clusters, lined by cuboidal to columnar epithelium and surrounded 
by collars of spindled cells. They are regarded as ampullary bud in 
derivation 
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Fig. 2.98 Renal dysplasia, with immature cartilage. A second classic 
histologic finding of renal dysplasia is islands of immature cartilage. 
However, many cases of renal dysplasia will not show this feature. The 
cartilage is believed to be blastema-derived. In this case, the cartilage is 


Fig. 2.96 Dysplastic ducts. This is another example of dysplastic or associated with cysts, a few immature tubules, and an abnormally 
immature ducts with their characteristic cellular mesenchymal collars formed glomerulus 


Fig. 2.99 Renal dysplasia, with immature cartilage. In this case of 
renal dysplasia with cartilage there is significant cortical differentiation 

Fig. 2.97 Dysplastic ducts. The collars of mesenchymal cells that sur- with relatively well-formed nephrons and small cysts 

round dysplastic ducts invariably express estrogen and/or progesterone 

receptor. The pathogenic basis for this is not known. Estrogen receptor 

immunoperoxidase stain 
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Fig. 2.100 Dysplastic kidney in a 20-week fetus. Renal dysplasia may 
be observed in the very immature kidneys because it often is initiated at 
the onset of nephrogenesis. In this 20-week fetus, the ampullary bud 
branches are cystic, and the largest structures are developing loose mes- 
enchymal collars. Although the cortex contains many glomeruli, the 
tubular portions of the nephrons are poorly developed and abundant 
interstitial connective tissue is present 
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Fig. 2.101 Duplex kidney 
with segmental renal dysplasia. 
Segmental forms of renal 
dysplasia occur and typically 
are limited to the upper pole 

of a duplex kidney. This duplex 
kidney is markedly 
hydronephrotic. The lower 
moiety has a dilated, thick- 
walled pelvis and cortical 
atrophy due to chronic 
pyelonephritis. The upper pole 
moiety is very small, with a 
thick-walled ureter. It contained 
several small cysts and showed 
dysplastic alterations 

(see Fig. 2.102) 
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Fig. 2.102 Duplex kidney with segmental renal dysplasia. This image 
shows the histologic findings in the upper pole moiety from the duplex 
kidney shown in Fig. 2.101. There are multiple dysplastic ducts with 
mesenchymal collars and a few scattered rudimentary nephron ele- 
ments. The lower pole showed chronic pyelonephritis but no evidence 
of metanephric dysgenesis 
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Fig. 2.103 Duplex kidney with segmental renal dysplasia in a fetus. 
This fetus had a duplex kidney. The upper pole is shown on the left and 
lower pole on the right. The lower pole is normally developed with 
ongoing subcapsular nephrogenesis. The upper pole on the left shows a 
long branching ampullary bud-derived collecting duct, abundant imma- 
ture-appearing cellular stroma, and dysplastic nephron elements 
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Fig. 2.104 Duplex kidney with segmental renal dysplasia in a fetus. 
The upper pole dysplastic moiety contains abundant immature cellular 
stroma, occasional small cysts, and dysplastic ducts. The cyst in the cen- 
ter is a glomerular cyst, based on the tiny glomerular tuft remnant vis- 
ible in its lower portion. A small island of subcapsular blastemal tissue 
is attempting to differentiate, albeit into a likely aberrant glomerulus 
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2.5 Renal Dysplasia, Syndromic 
Many syndromic diseases may be associated with the entire 
spectrum of developmental lesions already presented. The 
nature and severity of the metanephric misadventure may 
vary greatly, from bilateral multicystic dysplasia lethal at 
birth from pulmonary hypoplasia, to a more normal-sized and 
-shaped kidney that allows renal survival. The gross appear- 
ance of the kidney does not permit classification of the syn- 
drome. Rather, the constellation of organs affected allows 
syndromic classification often supplemented by genetic test- 
ing. Examples of the spectrum of renal maldevelopment 
occurring in several syndromes are shown in the following 
images. Because these are disorders pathologists rarely 
encounter only and pathology descriptions are infrequent, the 
author has provided many examples contained in have heav- 
ily utilized The Jay Bernstein, MD, Consultative Collection. 
Syndromic renal dysplasia comprises illustrated following: 
* Meckel-Gruber syndrome 
* [vemark syndrome 


Fig. 2.105 Meckel-Gruber syndrome. This kidney shows the external 
appearance of a typical case of Meckel-Gruber syndrome with diffuse 
multicystic dysplasia. Both kidneys were markedly enlarged and 
severely affected 
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* Jeune syndrome 

* Beckwith-Wiedemann syndrome 
e Oral-facial-digital syndrome 

* Smith-Lemli-Opitz syndrome 

* Zellweger syndrome 

* Trisomy 13 

* Trisomy 18 


2.5.1 Meckel-Gruber Syndrome 

Meckel-Gruber syndrome is a lethal autosomal recessive dis- 
order consisting of cystic renal dysplasia, occipital encepha- 
locele, and postaxial polydactyly. Cleft palate, ambiguous 
genitalia, and other malformations may be present. It is the 
result of mutation of the MKS/ gene on chromosome 17q21- 
24 or the MKS2 gene on chromosome 11413. 


Fig. 2.106 Meckel-Gruber syndrome. This is another example of dif- 
fuse and bilateral multicystic dysplasia in a patient with Meckel-Gruber 
syndrome. Both the external (left) and cut surfaces (right) of a severely 
affected case are shown. The external surface is diffusely cystic. The 
cut surface shows a rudimental collecting system. No corticomedullary 
differentiation is apparent 
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Fig. 2.107 Meckel-Gruber syndrome with multicystic dysplasia. The 
histologic view of the gross specimen in Fig. 2.105 shows a diffusely 
cystic and dysplastic kidney. Only a few rudimentary nephron elements 
are present, scattered among the large cysts 


Fig. 2.109 Meckel-Gruber syndrome with multicystic dysplasia. This 
view of diffuse cystic dsyplasia shows immature or dysplastic ducts 
with collars of mesenchymal cells. No blastemal-derived nephron ele- 
ments are present 


Fig. 2.108 Meckel-Gruber syndrome with multicystic dysplasia. This 
case is from the gross specimen shown in Fig. 2.106. It shows more 
modest-sized cysts lined by a collecting duct-type epithelium. A few 
smaller tubules and several well-formed glomeruli within ectatic 
Bowman spaces also are present. Although the glomeruli appear well 
formed, they would not provide significant renal function 
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Fig. 2.110 Meckel-Gruber syndrome. This case of Meckel-Gruber 
syndrome shows corticomedullary differentiation. There are several 
well-formed glomeruli with lingering glomerulogenesis or very imma- 
ture-appearing elements on the right side of the cortex. Notice the 
absence of a blastemal layer; thus, additional layers of nephrons will 
not form. The “medulla” consists of a few massively dilated ducts 
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Fig. 2.111 Meckel-Gruber syndrome. This case shows numerous 
small cystic and noncystic tubules, with well-formed glomeruli inter- 
spersed. Kidneys such as this appear to have the potential for urine pro- 
duction, provided there is appropriate medullary formation and they are 
properly connected to a collecting system. However, because almost all 
the cyst profiles are rounded, they may be spheres in three dimensions 
and not connected to the collecting system. Regardless, the number of 
nephrons is greatly reduced and there is prominent interstitial expan- 
sion, indicating limited renal function capability 


Fig. 2.112 Meckel-Gruber syndrome. This sample from a fetus with a 
family history of Meckel-Gruber syndrome shows cystic dysplasia in a 
developing kidney. Notice the prominent nephrogenic zone and the pro- 
gressive cystic change. The most recently formed nephrons show a 
lesser degree of cystic enlargement compared with the older nephrons. 
The progressive enlargement of cysts as one proceeds deeper in the 
cortex suggests that the more superficial nephrons are destined to 
become cystic over time 
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2.5.2 Ivemark Syndrome 
Ivemark syndrome is an autosomal recessive disorder. It is 
characterized by congenital absence of spleen; congenital 
heart malformations; malformation of abdominal organs, 
including the gastrointestinal tract and pancreas; bronchopul- 
monary isomerism; and diverse kidney and urinary tract mal- 
formations, as listed below: 
* Bilobed bladder 
e Urethral and ureteral valves 
* Duplex kidney 
* Horseshoe kidney 
* Cystic renal dysplasia 

Most patients die of cardiac malformations or infections 
related to asplenia. 


Fig. 2.113 Ivemark syndrome. This example of multicystic dysplasia 
from the kidney in Ivemark syndrome shows diffuse cysts. There are no 
discernable nephron elements between the cysts. These findings are 
indistinguishable from many of the previously illustrated examples of 
sporadic and syndromic cystic dysplasia 
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Fig. 2.114 Ivemark syndrome. This case of Ivemark syndrome shows 
small cysts and well-formed glomeruli. However, notice that the inter- 
stitial regions are markedly expanded and filled with loose mesenchy- 
mal tissue. The tubular portions of the nephrons have not formed 


Fig.2.116 Ivemark syndrome with intrarenal adrenal gland. Coexisting 
adrenal anomalies are not uncommon in severe cases of cystic dysplasia 
in Ivemark syndrome. In this example of diffuse cystic dysplasia, the 
adrenal gland is lodged deep within the renal tissue 


Fig. 2.115 Ivemark syndrome. This example of diffuse cystic dsypla- 
sia shows numerous glomerular cysts. Many of the glomerular tufts are 
abnormally formed, with multiple tiny tufts separately arrayed along 
Bowman's capsule 


Fig. 2.117 Ivemark syndrome with intrarenal adrenal gland. This is 
another example of intrarenal adrenal gland in a case of severe diffuse 
cystic dysplasia 
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2.5.3 Jeune Syndrome 


Jeune syndrome (asphyxiating thoracic dystrophy) is an 
autosomal recessive, often lethal form of congenital dwarfism. 


Fig. 2.118 Jeune syndrome. This bivalved kidney shows diffuse cystic 
dysplasia. Although there is diffuse cystic alteration, the cysts are very 
small. There is corticomedullary differentiation, and a well-formed col- 
lecting system is present (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 


Fig. 2.119 Jeune syndrome. In this histologic view of the case shown 
in Fig. 2.118, there are numerous well-formed glomeruli with a few 
intervening tubules. Dysplastic ducts are present that account for the 
numerous tiny cysts noted grossly. Although there are numerous nephron 
elements present, there is abundant interstitial loose connective tissue 
with few tubules, indicating the inability to provide normal renal func- 
tion (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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It shows wide phenotypic variability, but skeletal dysplasia, 
including a narrow thorax resulting in respiratory difficulties, 
is characteristic. A range of organ malformations may occur, 
including cystic renal dysplasia. 


Fig. 2.120 Jeune syndrome. In this case of Jeune syndrome with cys- 
tic kidneys, the kidneys consisted of a combination of medium-sized 
glomerular cysts and tubular microcysts set within an expanded intersti- 
tum (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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2.5.4 Beckwith-Wiedemann Syndrome 


Beckwith-Wiedemann syndrome is the most common 
congenital overgrowth syndrome. It is characterized by orga- 
nomegaly (especially of the kidney and liver and occasionally 
the heart and other organs), omphalocele, and macroglossia. 
Patients have an increased risk of benign and malignant neo- 
plasms (7.5 %). Wilms tumor is the most frequent malig- 
nancy. Renal abnormalities are variable, as listed below: 

* Duplicated collecting system 

* Medullary sponge kidney 


Fig. 2.121 Beckwith-Wiedemann syndrome. In this case, the kidney 
was not grossly cystic. The sections show that some glomeruli appear 
normal, with tubules demonstrating proximal and distal tubular differ- 
entiation. However, the glomerular population appears dimorphic. In 
addition to the normal-appearing glomeruli, many glomeruli are abnor- 
mally small and immature, and there is focally excessive interstitial 
space (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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* Nephrocalcinosis 
* Medullary dysplasia 
* Cystic dysplasia 
The case illustrated here shows an unusual type of devel- 
opmental abnormality not in the list. 


Fig. 2.122 Beckwith-Wiedemann syndrome. This image shows the 
glomerular abnormalities alluded to in Fig. 2.121. The glomerulus on 
the left appears normal; however, on the right are two microglomeruli 
with prominent podocytes and reduced numbers of capillary loops. 
A fourth glomerulus in the center is sclerotic, possibly the destiny of the 
two microglomeruli (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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2.5.5  Oral-Facial-Digital Syndrome disease results from mutation of the OFD! gene located on 

chromosome Xp22.3-p22.2. As the name indicates, the syn- 
Oral-facial-digital syndrome is a very rare X-linked dominant drome consists of oral, facial, and digital anomalies. Cystic 
syndrome. Thirteen different types have been described. The renal disease and central nervous system anomalies also occur. 


Fig. 2.123 Oral-facial-digital syndrome. This bivalved kidney shows 
diffuse cystic dysplasia. Although there is a well-formed collecting sys- 
tem, the renal parenchyma is diffusely cystic, affecting both cortex and Fig. 2.125  Oral-facial-digital syndrome. All the cysts have a flattened 
medulla (Courtesy of The Jay Bernstein, MD, Consultative Collection) cell lining, typical of Bowman's capsule. Most of the cysts likely are 


glomerular. However, because of their large size, the glomerular tuft 
will be identified in only a fraction of the cyst profiles (Courtesy of The 
Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.124 Oral-facial-digital syndrome. This view of the gross speci- 
men shown in Fig. 2.123 shows large cysts. At least some, and possibly 
all, of the cysts represent glomerular cysts. The intervening tubulointer- 
stitial regions show small atrophic-appearing tubules with interstitial 
fibrosis and inflammation (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 
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2.5.6 Smith-Lemli-Opitz Syndrome 


Smith-Lemli-Opitz syndrome is an autosomal recessive 
disorder with multiple malformations. Patients have muta- 
tions of the DHCR7 gene on chromosome 11q12-13, leading 
to a deficiency of 7-dehydrocholesterol reductase, the final 
enzyme of cholesterol biosynthesis. Many of the malforma- 
tions affect organs dependent on cholesterol metabolism, 
resulting in large adrenal glands without lipid, male pseudo- 
hermaphroditism and pregnancy difficulties, liver disease, and 
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Fig. 2.126 Smith-Lemli-Opitz syndrome. In this case, the renal 
involvement was mild. Most of the renal parenchyma appears com- 
pletely normal and likely is normal in function. A modest cluster of 
variably sized cysts is present, which may indicate that only a few 
nephrons are affected, similar to that seen in ADPKD (Courtesy of The 
Jay Bernstein, MD, Consultative Collection) 
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severe central nervous system disease including microcephaly 

and mental retardation. In addition, patients have distinctive 

facies and develop diverse genitourinary tract anomalies. 
Renal malformations in Smith-Lemli-Opitz syndrome 

include: 

* Renalaplasia 

* Renal hypoplasia 

* Renalectopia 

* Renalcysts 

* Ureteral duplication and hydronephrosis 


Fig. 2.127 Smith-Lemli-Opitz syndrome. In this case, normal-appear- 
ing noncystic cortex predominates, with normal-appearing tubules and 
glomeruli and no tubulointerstitial expansion. There are several scat- 
tered foci containing cysts that appear to be tubular in origin based on 
their low cuboidal lining. This minor degree of cystic alteration would 
not impair renal function unless progression occurred (Courtesy of The 
Jay Bernstein, MD, Consultative Collection) 


66485457-66963820 


2.5 Renal Dysplasia, Syndromic 


2.5.7 Zellweger Syndrome 


Zellweger (cerebrohepatorenal) syndrome is an autosomal 
recessive disorder consisting of craniofacial dysmorphia, 
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hypotonia, growth retardation, hepatomegaly with biliary 
dysgenesis, patellar calcification, and fixation of joints. Mild 
renal cystic disease and occasionally cystic renal dysplasia 
also occur. 


Fig. 2.128 Zellweger syndrome. This multicystic dysplastic kidney 
is from a fetus with Zellweger syndrome and severe bilateral renal 
involvement. The numerous cysts appear bluish and are visible through 
the renal capsule (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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Fig. 2.129 Zellweger syndrome. Microscopic sections from the kid- 
ney in Fig. 2.128 show large subcapsular dysplastic ducts with mes- 
enchymal collars separated by infrequent and abnormally formed 
nephron components (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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Fig. 2.130 Zellweger syndrome. Other areas from the kidney in 
Fig. 2.128 show small dysplastic ducts, ecstatic tubules, abnormally 
formed glomeruli, and abundant stroma (Courtesy of The Jay Bernstein, 
MD, Consultative Collection) 


Fig. 2.131 Zellweger syndrome. This bivalved kidney from another 
case of Zellweger syndrome is severely affected by multicystic dyspla- 
sia. The collecting system is well formed. There are diffuse cysts in 
both cortex and medulla, although the medullary cysts are most promi- 
nent (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.132 Zellweger syndrome. Microscopic sections from another 
case of Zellweger syndrome show corticomedullary differentiation, 
with a row of subcapsular cysts and dysplastic medullary ducts at the 
bottom of the image. In between are many somewhat normally formed 
nephron elements that likely are nonfunctional because of the medullary 
changes (Courtesy of the Jay Bernstein, MD, Consultative Collection) 


Fig. 2.133 Zellweger syndrome. This image is from another case of 
diffusely cystic kidney in Zellweger syndrome. In this case, the kidney 
was composed of medium-sized cysts that appeared to be largely glom- 
erular in origin with few intervening nephron elements (Courtesy of 
The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.134 Zellweger syndrome. The renal involvement in Zellweger 
syndrome is extremely variable. The previous cases showed severe 
renal involvement. However, often the renal involvement is mild. This 
case shows mild involvement. Small cortical cysts, many glomerular in 
origin, are scattered within many normally formed nephrons (Courtesy 
of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.135 Zellweger syndrome. This case also shows very mild 
involvement. Most of the kidney was grossly and microscopically nor- 
mal. However, rare isolated subcapsular glomeruli cysts were widely 
scattered throughout the cortex. Renal function would be normal 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.136 Zellweger syndrome. This final case of a patient with 
Zellweger syndrome also has mild renal involvement. No cysts were 
present. However, the cortex was populated by a dimorphic population 
of glomeruli similar to that illustrated for Beckwith-Wiedemann syn- 
drome (Figs. 2.121 and 2.122). Many glomeruli and most of the tubu- 
lointerstitial regions appeared normal. However, there was a 
subpopulation of small and immature-appearing glomeruli seen on the 
right that represented approximately a quarter of the glomerular popu- 
lation. The functional significance of this finding is not known (Courtesy 
of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.137 Zellweger syndrome. This image shows the dimorphic 
glomerular population from the case in Fig. 2.136. The glomerulus on 
the right appears normal, whereas the one on the left appears small and 
immature with very prominent and closely spaced podocytes (Courtesy 
of The Jay Bernstein, MD, Consultative Collection) 
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2.5.8 Trisomy 13 Syndrome 


Patients with trisomy 13 may have many types of 
malformations that affect the skeletal system, central ner- 
vous system, cardiovascular system, gastrointestinal tract, 
and genitourinary tract. Renal disease in trisomy syndromes 
may vary in severity, as was demonstrated previously in 
Zellweger syndrome. Renal involvement ranges from mild 
cystic renal disease to cystic renal dysplasia. 


Fig. 2.138 Trisomy 13, case 1. This kidney from a 27-week fetus at 
first glance appears essentially normal. The only suggestion of the pos- 
sible development of a cystic disease are a few ectatic tubules in the 
midcortex. However, also note that the subcapsular zone should have a 
cellular nephrogenic zone in a fetus of this gestational age. Instead, it 
lacks a cellular blastemal layer, so premature cessation of nephrogene- 
sis has occurred. The eventual appearance of this kidney if the fetus had 
come to term is impossible to predict (Courtesy of The Jay Bernstein, 
MD, Consultative Collection) 
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Fig. 2.139 Trisomy 13, case 2. In some instances, the kidney looks 
essentially normal grossly and microscopically, with no functional 
abnormality. This image shows a normal glomerulus and an abnormally 
formed, mildly cystic glomerulus in which the glomerular tuft is splayed 
or flattened with a broad vascular pole. Similar but very infrequent and 
widely scattered glomerular cysts were present elsewhere in the kidney. 
Most of the renal parenchyma looked completely normal (Courtesy of 
The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.140 Trisomy 13, case 3. In this case, many normal-appearing 
nephron elements are present. However, the glomerular distribution is 
variable, with many closely spaced glomeruli, suggesting abnormal 
tubule formation—a possibility supported by the presence of numerous 
tubular microcysts (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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Fig. 2.141 Trisomy 13, case 3. The renal medulla of the above cases 
was also mildly affected by cyst formation. The tubular cysts appear to 
be collecting duct in origin. They were present in only a few of the renal 
medullary regions sampled (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 


Fig. 2.142 Trisomy 13, case 4. The cortex in this case appears mostly 
normal. There are medullary rays; one is barely visible in the lower left. 
Also present are well-developed, normal-appearing proximal tubules 
with their characteristic abundant eosinophilic cytoplasm. There also is 
an obvious dysplastic focus with cysts, two of which are glomerular in 
origin. Interstitial fibrosis is present around the small tubular cysts 
immediately beneath the capsule (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 
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Fig. 2.143 Trisomy 13, case 4. The two glomerular cysts alluded to in 
the preceding legend are shown with periglomerular fibrosis. To the left 
are normal proximal tubules. Findings like this were very infrequent, 
affecting less than | % of the sections examined. Renal function would 
be predicted to be normal (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 

Fig. 2.145 Trisomy 13, case 5. In contrast to the two preceding cases, 
the kidneys in this case are severely dysplastic. There is a region of 
seemingly normal-appearing glomeruli and tubules in the midcortex, 
albeit too few to support renal function. Of note, there is a row of sub- 
capsular cysts with pericystic fibrosis and an irregularly expanded col- 
lecting duct cyst in the medulla. The renal medulla contained only a few 
collecting ducts with excessive stroma (Courtesy of The Jay Bernstein, 
MD, Consultative Collection) 


Fig.2.144 Trisomy 13, case 4. Most sections containing renal medulla 
were normal, although a few medullary cysts were present. In this sec- 
tion, the outer medulla at the top appears normal. There are two cysts 
affecting collecting ducts (possibly the same duct) with a rim of cellular 
stroma. Notice the island of immature cartilage to the lower right 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.146 Trisomy 13, case 5. This image shows a glomerular cyst 
with extreme glomerular tuft flattening. Periglomerular cellular intersti- 
tial stroma and a paucity of proximal tubules also are evident (Courtesy 
of The Jay Bernstein, MD, Consultative Collection) 
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2.5.9 Trisomy 18 Syndrome 


Trisomy E (18) is the second most common trisomy syndrome 
after trisomy 21. Infants show profound growth retardation 
with multiple malformations involving the central nervous, 
cranial, facial and skeletal systems, and organ malformations 
including the cardiovascular, pulmonary gastrointestinal, 
endocrine, and genitourinary tracts. 

Renal malformations in trisomy 18 include: 
e Ureteral duplication and hydroureters 
* Horseshoe kidney 
* Cystic renal dysplasia 
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Fig. 2.147 Trisomy 18. In this case, there is glomerular and tubular 
differentiation throughout the cortex that in most areas appears normal. 
However, in the subcapsular zone, there is glomerular clustering and 


scattered tubular microcysts in most areas (Courtesy of The Jay 
Bernstein, MD, Consultative Collection) 


Fig. 2.148 Trisomy 18. Most of the renal medulla from the case shown 
in Fig. 2.147 appeared normal. However, in this renal pyramid there is 
a cluster of collecting duct cysts with cellular mesenchymal collars. 
The clustering may indicate that they were derived from a single amp- 
ullary bud branch (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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2.6 Glomerular Cystic Kidney 
Glomerular cysts occur in many otherwise unrelated disorders, 
including other cystic kidney diseases, such as ADPKD, 
ARPKD, and renal dysplasias; a variety of syndromes; and 
acquired disease, such as ischemic injury. Glomerular cyst 
is defined as cystic dilation of Bowman’s capsule to two to 
three times normal. The glomerular tuft itself may be normal 
or abnormally formed. Glomerulocystic kidney is arbitrarily 
defined as the presence of glomerular cysts in more than 5 % of 
glomeruli. The term glomerulocystic kidney disease (GCKD) 
is reserved for the familial types. In most cases of GCK, the 
glomerular cysts are widespread, affecting far greater than 
5 % of glomeruli. Bowman’s capsule dilation in some cases of 
GCK may be so massive it results in a grossly cystic kidney. In 
other cases, the kidneys may be small and hypoplastic. 
Glomerular cystic kidney is classified as follows: 
e Sporadic glomerulocystic kidney, the most common type 
* Glomerulocystic kidney disease 
— Autosomal dominant GCKD due to uromodulin 
mutation 
— Familial hypoplastic GCKD due to HNF'/B mutation 
— Hereditary GCKD, not otherwise specified 
* Glomerular cysts associated with hereditary syndromes: 
— ADPKD, most common 
— ARPKD, rarely 
— Numerous malformation syndromes (too numerous to 
list; see Figs. 2.103, 2.120, 2.124, 2.125, 2.129, and 
2.145) 
* Other contexts with glomerular cysts 
— Nonsyndromic renal dysplasia 
— Ischemic glomerular atrophy 


Fig. 2.149 Sporadic glomerulocystic kidney. This is a sporadic case of 
glomerulocystic kidney in a newborn. No liver cysts or bile duct plate 
abnormalities were present to suggest ADPKD or ARPKD, nor was 
there a family history of cystic kidney disease. The kidney is diffusely 
cystic; the cysts are small and uniform in size. Metanephric dysgenesis 
was not present microscopically (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 
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Fig. 2.150 Sporadic glomerulocystic kidney. This image is from the 
kidney shown in Fig. 2.149. Every glomerulus has a markedly expanded 
Bowman capsule. There are few intervening tubules, but fibrosis is 
not present. The glomerular tufts are small, with reduced numbers 
of capillary loops (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 


Fig. 2.151 Glomerulocystic kidney. This kidney has both cortical and 
medullary tubular cysts. The cortical cysts are primarily glomerular in 
origin and are larger in this kidney than in the previous case (Figs. 2.149 
and 2.150). The medullary cysts are tubular in origin. This case might 
represent a sporadic form of glomerulocystic kidney or, more likely, 
may be on example of ADPKD because of the medullary cysts. 
However, there was no known family history of cystic kidney disease, 
so this might be a new mutation 
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Fig. 2.152 Familial hypoplastic GCKD. This is a case of familial hyp- 
oplastic GCKD. There were bilateral small kidneys and a family history 
of small cystic kidneys. Glomerular cysts affect most glomeruli. The 
tubulointerstitial regions show good differentiation of proximal and dis- 
tal tubules. This is an autopsy kidney, and the tubules show evidence of 
acute tubular injury with epithelial attenuation 
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Fig. 2.153 Familial hypoplastic GCKD. This image shows that glom- 
erular differentiation appears fairly normal although the number of cap- 
illaries appears reduced and Bowman’s capsule is severely expanded 
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Fig.2.154 Glomerulocystickidney ina30-week fetus. Glomerulocystic 
alteration may affect the glomerulus at the time of its formation. This 
30-week fetus demonstrates several large glomerular cysts. There is 
also cystic alteration of Bowman’s capsule in a developing glomerulus 
in the nephrogenic zone. Although podocyte differentiation is just 
beginning and capillaries have yet to form, Bowman’s capsule is 
ectatic 
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Fig. 2.155 Glomerulocystic kidney. This is a very unusual example of 
glomerulocystic kidney in a newborn. The cystic Bowman capsule of 
many of the glomeruli contained short segments of embryonal metapla- 
sia (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.156 Glomerulocystic kidney. The embryonal metaplasia con- 
sists of segments of columnar cells with an immature embryonic 
appearance. The clinical significance of this finding, if any, is unknown 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.157 Glomerulocystic kidney. This patient was born prema- 
turely at 26 weeks and died several months later from bronchopulmo- 
nary dysplasia. Notice the numerous glomerular cysts that are limited to 
the outer aspect of the cortex. Conceivably, the cystic glomeruli repre- 
sent glomeruli that formed after the premature birth whereas the deeper, 
normal glomeruli had formed prior to birth 
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Fig. 2.158 Glomerulocystic kidney in a 30-week fetus with ADPKD. 
This autopsy kidney shows an impressive degree of glomerular cysts 
with little tubular ectasia. It is from a family with known ADPKD. 
When there is early onset of ADPKD, glomerular cysts often form 
before the typical tubular alterations develop 


Fig. 2.160 Acquired glomerulocystic kidney. This acquired case of 
glomerulocystic kidney is secondary to chronic renal artery stenosis. 
The glomerular tufts are contracted, and Bowman's capsules are 
enlarged. There is diffuse tubular atrophy with little interstitial fibrosis, 
typical of the chronic ischemic injury of chronic renal artery stenosis 


Fig. 2.159 Segmental glomerulocystic kidney. This kidney from a 
child shows segmental glomerulocystic kidney. The affected segments 
are diffusely cystic, and the cysts likely are entirely glomerular. Notice 
the abrupt transition to normal kidney and the pericystic interstitial 
fibrosis developing on the right. In this case, there is a significant likeli- 
hood that ADPKD is the cause. Genetic testing and a search for cysts in 
the contralateral kidney would be recommended (Courtesy of The Jay 
Bernstein, MD, Consultative Collection) 
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2.7  Tubulointerstitial Developmental 


Diseases With or Without Cysts 


The tubulointerstitial diseases with and without cysts include 
renal tubular dysgenesis; nephronophthisis; and medullary 
cystic disease, types | and 2. 


2.7.1 Renal Tubular Dysgenesis 


Renal tubular dysgenesis refers to a developmental abnor- 
mality in which there is congenital absence of, or incom- 
plete, proximal tubular differentiation. Affected fetuses 
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Fig. 2.161 Renal tubular dysgenesis. In renal tubular dysgenesis, the 
glomeruli are well formed. The tubules are small and lined by small 
cuboidal cells with inconspicuous cytoplasm. The tubules are closely 
spaced with little interstitial fibrosis, and the glomeruli are closely 
spaced because of reduced tubule cell volume. No tubules contain the 
large eosinophilic cells typical of proximal tubular differentiation 
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Fig. 2.162 Renal tubular dysgenesis. PAS staining shows that the 
tubules lack the PAS-positive brush border typical of proximal tubules. 
The tubules have thin, delicate tubular basement membranes, indicating 
they are not small atrophic tubules 
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present with oligohydramnios and develop the Potter 
sequence with both renal failure and respiratory failure at 
birth. In surviving infants, intractable hypotension is present. 
Some patients have skull ossification defects. It is encoun- 
tered in several clinical contexts: 
* Homozygous or compound heterozygous mutation of 
renin-angiotensin system genes 
— Angiotensinogen 
— Angiotensin-converting enzyme 
— Angiotensin type II receptor 
* Complications of maternal drug use 
— Angiontensin-converting enzyme inhibitors 
— Angiotensin type II receptor antagonists 
— Nonsteroidal anti-inflammatory drugs 
Twin-twin transfusion syndrome 
— Donor fetus develops renal tubular dysgenesis 
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Fig. 2.163 Renal tubular dysgenesis. This second example shows fea- 
tures identical to those shown in Fig. 2.162. This entity is recognized easily 
once the glaring absence of proximal tubule differentiation is appreciated 
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Fig. 2.164 Renal tubular dysgenesis. Immunohistochemical evalua- 
tion of the tubules in renal tubular dysgenesis will reveal a distal tubule/ 
collecting duct immunophenotype. Tubules will stain with epithelial 
membrane antigen (EMA), cytokeratin 7, and cytokeratin 19. This 
image shows a case stained with peanut lectin (Arachis hypogaea), 
which marks the distal tubules and collecting ducts but does not stain 
the proximal tubules 


Fig. 2.166 Renal tubular dysgenesis in a fetus. This image was taken 
from the deep cortex of the case shown in Fig. 2.165. It shows well- 
formed glomeruli. However, all the tubules are small and lined by small 
cells with scant cytoplasm, typical of distal tubules 


Fig. 2.165 Renal tubular dysgenesis in a fetus. Renal tubular dysgen- 
esis may be more challenging to recognize in the developing kidney. In 
this case affecting a fetus, the nephrogenic zone at the top would not be 
expected to contain recognizable proximal tubules. However, toward 
the bottom, where glomeruli are well formed, tubules with an appear- 
ance typical of proximal tubules should be evident but are not present 
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Fig. 2.167 Renal tubular dysgenesis. This electron micrograph shows 
the ultrastructural appearance of the tubular cells. In contrast to normal 
proximal tubular cells, the cells are cuboidal, not columnar; a microvil- 
lous brush border is absent; and cell organelles, especially mitochon- 
dria, are few 
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2.7.2 Nephronophthisis 


NPHP is a progressive autosomal recessive tubulointerstitial 
nephropathy. Patients with NPHP present with concentrat- 
ing defects that lead to polyuria and polydipsia, and ane- 
mia disproportionate to the degree of renal failure. Affected 
patients are destined to develop ESKD. The first description 
of NPHP was by Smith and Graham in 1945. They used the 
term medullary cystic disease to highlight the grossly visible 
medullary cysts that occur in some cases. In 1951, Fanconi 
coined the term juvenile familial nephronophthisis to capture 
its clinical features and histologic findings; nephronophthi- 
sis is Greek for “disintegration of nephrons.” Most detailed 
morphologic descriptions of NPHP appeared prior to genetic 
information; thus, combining autosomal recessive NPHP 
with autosomal dominant MCKD into the “medullary cystic 
disease/juvenile NPHP complex” because of their morpho- 
logic similarities—a practice no longer condoned because of 
their differing genetics. 

There are three clinical phenotypes—an infantile, a juve- 
nile, and an adolescent form—and 11 genotypes of NPHP. 
Although 11 mutated genes have been identified in NPHP, 
these account for only 30 % of cases. Ten mutations, VPHP1 
and NPHP3 through NPHP11, are responsible for some of 
the juvenile and adolescent forms; they demonstrate a similar 
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morphologic phenotype. Patients with the NPHP2 mutation, 
responsible for the infantile form, have several distinguish- 
ing morphologic findings. However, exceptions occur, so 
descriptions of the juvenile and adolescent forms versus the 
infantile form should be regarded as generalizations. Major 
pathologic features are detailed in Table 2.2. 

Although gross or radiologic demonstration of cyst for- 
mation occurs in some patients with NPHP, many have no 
detectable cysts, especially early in the disease. Unfortunately, 
most studies do not define what constitutes a cyst. Using 
gross visibility as the definition of a cyst, the autopsy study 
of Zollinger may provide the maximum incidence of gross 
cysts: 70 % at the terminal stage of disease. 

The kidneys in NPHP are believed to be normally devel- 
oped at birth, although cysts may be present at a very early 
age. Kidney size in both the juvenile and adolescent forms is 
usually normal or smaller than normal at the time of clinical 
presentation. When cysts develop, they congregate at the 
corticomedullary junction. The late development, or absence, 
of renal cysts means that at the time of initial presentation, 
cysts may not be present to serve as a diagnostic aid. In the 
infantile form of NPHP, the kidneys may be larger than nor- 
mal because cyst formation occurs earlier in the disease prior 
to contraction from tubulointerstitial scarring. 


Table 2.2 Nephronophthisis: Age at Glomerular TBM Cortical 
major pathologic features Type onset (years) Kidney size Cyst location cysts changes inflammation 
Infantile <4 Enlarged Cortical and/or X Present Absent Mild 
medullary 
Juvenile 13 Small-normal Corticomedullary Absent Present Prominent 
Adolescent 19 Small-normal Corticomedullary Absent Present Prominent 


TBM tubular basement membrane 


Fig. 2.168 NPHP. This kidney from a patient with NPHP shows vari- 
ably sized medullary cysts with a smooth translucent lining. There is 
marked tubulointerstitial scarring; thus, the delineation between cor- 
tex and medulla is obscured (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 
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Fig. 2.169 NPHP. This autopsy kidney shows a small contracted kid- 
ney from a patient with NPHP. Several renal pyramids are totally 
effaced by cysts. However, note that the pyramid at the far left has only 
a few cysts whereas the one at the upper right lacks cyst formation 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.170 NPHP. This whole-mount section from an NPHP patient 
with renal-retinal dysplasia shows severe cortical atrophy. A chronic 
inflammatory cell infiltrate is visible. There are numerous cysts in the 
outer medulla and at the corticomedullary junction. The inner medulla 
(center) is not affected (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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Fig. 2.171 NPHP. This whole-mount section from an NPHP patient 
also shows severe cortical atrophy and inflammation. There are many 
very large cysts largely distorting the entire medulla (Courtesy of The 
Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.172 NPHP. This fetus with NPHP shows early-stage disease. 
The cysts in the outer medulla are lined by cuboidal collecting duct 
epithelium. The cortex is formed normally and has yet to develop tubu- 
lointerstitial scarring. There was a family history of NPHP, which 
allowed this diagnosis to be established 
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Fig. 2.173 NPHP. The histology of NPHP is a relatively nonspecific 
chronic tubulointerstitial nephritis; thus, clinical context and imaging 
studies are crucial to the diagnosis. This case shows advanced tubular 
atrophy, interstitial fibrosis associated with interstitial inflammation, 
and periglomerular fibrosis, all characteristic findings in NPHP. 
Detection of cysts is uncommon in biopsy material (Courtesy of The 
Jay Bernstein, MD, Consultative Collection) 
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Fig.2.176 NPHP. Trichrome stain highlights the dense fibrosis. Notice 
in this image that the glomeruli are relatively normal; thus, the tubu- 
Fig. 2.174 NPHP. Another case of NPHP shows nonspecific features — lointerstitial nature of the process can be recognized (Courtesy of The 
of a chronic tubulointerstitial nephritis. In addition to interstitial fibrosis Jay Bernstein, MD, Consultative Collection) 
and inflammation, glomerular sclerosis develops as the process advances 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.177 NPHP, infantile form. In the infantile form of NPHP often 
glomerular cysts or at least ectasia of Bowman’s capsule is present. 
Compared with the juvenile and adolescent forms, there is less intersti- 
tial inflammation and the atrophic tubules do not show basement mem- 
brane duplication. PAS stain (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 


Fig. 2.175 NPHP. The atrophic tubules in the juvenile and adolescent 
forms of NPHP characteristically show basement membrane duplica- 
tion, as shown here. Although typically present in juvenile and adoles- 
cent NPHP, this finding is seen in other causes of tubulointerstitial 
scarring. Periglomerular fibrosis, another characteristic but nonspecific 
feature, is also present. PAS stain (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 
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Fig. 2.180 NPHP with congenital hepatic fibrosis. This section shows 
an expanded portal region with congenital hepatic fibrosis. Notice the 
peripherally arrayed branching bile ducts and fibrous expansion of the 
portal area with bridging (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 


Fig. 2.178 NPHP, infantile form. The glomerular tuft appears normal 
but resides within a cystic Bowman capsule. The adjacent tubules are 
atrophic but have thin, delicate basement membranes unlike the juve- 
nile and adolescent forms of NPHP (Courtesy of The Jay Bernstein, 
MD, Consultative Collection) 
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Fig. 2.181 NPHP with congenital hepatic fibrosis. This liver in a 
patient with NPHP and congenital hepatic fibrosis shows broad bands 
of bridging fibrosis consistent with cirrhosis. The complex architecture 
of the branching bile ducts is still apparent within the fibrous bands. 
Trichrome stain (Courtesy of the Jay Bernstein, MD, Consultative 
Collection) 
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Fig. 2.179 NPHP with congenital hepatic fibrosis. Some patients with 
NPHP develop congenital hepatic fibrosis. This liver shows end-stage 
cirrhosis from congenital hepatic fibrosis. The liver is shrunken, nodu- 
lar, and firm (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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2.7.3 Medullary Cystic Disease 


MCKD is an autosomal dominant disorder that usually 
presents in young adults and adults. It results from mutations 
of MCKDI1 on chromosome 1921 or MCKD2, which maps to 
chromosome 16q12. The protein product of MCKD1 is not 
known; however, the MCKD2 gene encodes for uromodulin 
(also known as Tamm-Horsfall protein). Patients with MCKD 
present with concentrating defects that lead to polyuria and 
polydipsia and anemia disproportionate to the degree of renal 
failure, identical to the clinical presentation of NPHP. The 
onset of disease is later in MCKD type 1 (61 years) than it is 
in MCKD type 2 (32 years). The renal failure is progressive 
as in patients with NPHP. Patients with MCKD type 2 also 
develop hyperuricemia and gout. 


Fig. 2.182 Medullary cystic disease. This kidney from a patient with 
MCKD shows extensive cystic alteration of the renal pyramids identical 
to that seen in NPHP. The cortex is thin and atrophic (Courtesy of The 
Jay Bernstein, MD, Consultative Collection) 


Fig 2.183 Medullary cystic disease. This whole-mount section from 
the kidney shown in Fig. 2.182 shows numerous outer medullary cysts 
and a few cortical cysts. The cysts are lined by low cuboidal to flattened 
epithelium. There is severe tubulointerstitial scarring throughout the 
cortex (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.184 Medullary cystic disease. This kidney from another patient 
with MCKD shows extreme cystic disease that has effaced all the med- 
ullary tissue. The cortex has been transformed into a thin rim of atrophic 
tissue (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.185 Medullary cystic disease. In this case of end-stage MCKD, 
there is diffuse tubular atrophy and interstitial fibrosis, and most of the 
glomeruli are completely sclerotic. In isolation of clinical and imaging 
information, a diagnosis of MCKD would be very difficult at this stage of 
disease (Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.186 Medullary cystic disease. In this case of MCKD, the glom- 
erulus appears normal; however, there is disproportionate tubulointer- 
stitial disease compared with glomerular disease, typical of a chronic 
interstitial nephritis but not unique to medullary cystic disease (Courtesy 
of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.187 Medullary cystic disease. This PAS-stained section shows 
a normal glomerulus and a cluster of atrophic tubules. The atrophic 
tubules have thick irregular basement membranes, although the dupli- 
cation seen in NPHP is not present. PAS stain (Courtesy of The Jay 
Bernstein, MD, Consultative Collection) 


Fig. 2.188 Medullary cystic disease. This silver-stained section shows 
a normal glomerulus and a cluster of atrophic tubules. This case nicely 
demonstrates the tubular basement membrane duplication. Jones’ meth- 
enamine silver stain (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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2.8 | Phycomatoses and Renal Disease 


2.8.1 vonHippel-Lindau Disease 
VHL is an autosomal dominant disorder in which renal 
and extrarenal cysts and neoplasms develop. The syndrome 
includes retinal, cerebellar, and spinal hemangioblastomas, 
pheochromocytoma, epididymal and pancreatic cysts, and 
cystadenomas. Multiple and bilateral renal cysts develop 
in 75 96 and renal cell carcinomas in 50 96 of patients. The 
disease is the result of germline mutations of the VHL gene, 
which is on the short arm of chromosome 3p25-26. This gene 
is adjacent to the gene implicated in clear cell RCC. There are 
important genotypic-phenotypic correlations in VHL: 
* Type 1 VHL: low risk of pheochromocytoma 
* Type2 VHL: high risk of pheochromocytoma 

— Type 2a: low risk of RCC 

— Type 2b: high risk of RCC 

— Type 2c: familial pheochromocytoma without heman- 

gioblastoma or RCC 


Fig. 2.189 VHL. This kidney from a patient with VHL is affected by 
multiple renal cysts and a cystic RCC. Several large cysts are evident on 
the left; they have a glistening lining. On the right, is cystic clear cell 
RCC associated with intracystic hemorrhage (From Bostwick DG, 
Cheng L, editors. Urologic surgical pathology. St. Louis: Mosby; 2008. 
Chapter 1, Fig. 1.51; with permission) 
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Fig. 2.192 VHL. This nephrectomy specimen is from a patient with 
VHL. It contains multiple cystic clear cell RCCs. Cystic kidney disease 
is not apparent 


Fig. 2.190 VHL. Shown is a cyst in VHL disease lined by a single 
layer of clear cells having a low nuclear grade. Adjacent to the cyst is a 
small solid cluster of clear cells sufficient to qualify as a microscopic 
focus of clear cell RCC 
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Fig. 2.191 VHL. This case of VHL shows a small microscopic focus 
of clear cell RCC 
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Fig. 2.194 VHL. Shown are the microscopic features of one of the 
clear cell RCCs seen in Fig. 2.193. Notice that the cytologic features are 
identical to those of the clear cell-lined cysts and the microscopic car- 
cinomas illustrated previously, and indistinguishable from a sporadic 
case of clear cell RCC 
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2.8.2 Tuberous Sclerosis 


Tuberous sclerosis complex (TSC) is an autosomal dominant 
disorder characterized by mental retardation, epilepsy, 
angiofibromas, cardiac rhabdomyomas, renal angiomyolipo- 
mas, and renal cysts. Occasionally, RCC also develops. Two 
genes have been identified that cause TSC, TSC/ and TSC2, 
which map to chromosomes p9q34 and 16p13, respectively. 
The TSC/ type is more common. The TSC2 gene locus is 
within a few nucleotides of the PKD/ locus. Renal cysts are 
uncommon in TSC overall and when present, usually are not 
extensive. However, some individuals, usually children with 
the TSC2 and a coexistent PKD/ mutation, will develop a 
diffuse cystic renal disease with numerous large cortical and 
medullary cysts resembling ADPKD; this is known as the 
TSC2/PKD1 contiguous gene syndrome. 


Fig. 2.195 Tuberous sclerosis. Angiomyolipomas are very common in 
tuberous sclerosis, affecting 50-100 96 of patients. They are character- 
istically multifocal and bilateral. The presence of multiple angiomyoli- 
pomas is regarded as a "form fruste" of tuberous sclerosis if other 
stigmata are not present. This kidney from a patient with TSC contains 
three obvious angiomyolipomas. Careful scrutiny also will reveal sev- 
eral millimeter-size lesions 
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Fig. 2.196 Tuberous sclerosis. This kidney also contains multiple 
angiomyolipomas, some of which are yellow, indicating high adipocyte 
content. Others are more tan, indicating a high content of smooth mus- 
cle. Because the arteries in an angiomyolipoma are formed abnormally, 
they are prone to rupture. One tumor on the right has ruptured, causing 
a large perinephric hematoma 


Fig. 2.197 Tuberous sclerosis. This nephrectomy is from a tuberous 
sclerosis patient with the TSC2/PKD1 contiguous gene syndrome. This 
kidney is diffusely cystic, with many small uniform-appearing cysts 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.198 Tuberous sclerosis. This nephrectomy sample is from 
another tuberous sclerosis patient with TSC2/PKD1 contiguous gene 
syndrome. In contrast to the kidney in Fig. 2.197, this diffusely cys- 
tic kidney contains fewer, but much larger cysts. It more closely 
resembles ADPKD (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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Fig. 2.199 Tuberous sclerosis. Shown is a case of TSC2/PKD1 con- 
tiguous gene syndrome in an end-stage contracted and diffusely cystic 
kidney. Notice the dominant angiomyolipoma on the right. Histologic 
examination also revealed an angiomyolipomatous proliferation 
throughout the kidney, but not forming a grossly visible mass lesion 


Fig. 2.200 Tuberous sclerosis. Renal tubules and the cysts in patients 
with tuberous sclerosis often contain large cells with dense eosinophilic 
cytoplasm that may contain vacuoles. This image shows a portion of a 
cell wall present in a renal biopsy sample. The distinctive cytology of 
the cells lining the cyst should suggest the presence of tuberous sclero- 
sis if that diagnosis was not otherwise established (Courtesy of The Jay 
Bernstein, MD, Consultative Collection) 
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Fig. 2.201 Tuberous sclerosis. This biopsy sample is from a patient 
with tuberous sclerosis. It shows renal tubules that exhibit the same 
distinctive cytologic abnormalities shown in the cyst in Fig. 2.200 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig. 2.202 Tuberous sclerosis. This sample is from the kidney with 
TSC2/PKD1 contiguous gene syndrome shown in Fig. 2.198. Notice its 
resemblance to typical ADPKD. The cysts are lined by flattened epithe- 
lium and contain proteinacious fluid and calcification. The interstitium 
shows fibrous expansion 
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Fig. 2.203 Tuberous sclerosis. This sample is from the kidney with 
TSC2/PKD1 contiguous gene syndrome shown in Fig. 2.197. The cysts 
are small and lined by large eosinophilic cells distinctive of TSC. Some 
cysts also show hyperplasia with stratification and papillary tufting of 
the lining epithelium (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 


Fig. 2.204 Tuberous sclerosis. This sample also is from the kidney 
with TSC2/PKD1 contiguous gene syndrome shown in Fig. 2.197. 
In this field, the cysts show prominent hyperplasia of the cell lining. 
Notice that Bowman's capsule epithelium of both glomeruli is replaced 
by large eosinophilic cells. Therefore, at least some of the cysts are 
glomerular cysts (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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Fig. 2.205 Tuberous sclerosis. This image, from a different case of 
TSC2/PKD1 contiguous gene syndrome, shows a portion of a large 
glomerular cyst. The cells lining the cystic Bowman space are densely 
eosinophilic, as are the glomerular podocytes (Courtesy of The Jay 
Bernstein, MD, Consultative Collection) 


Fig. 2.206 Tuberous sclerosis. Microscopic angiomyolipomas com- 
monly are encountered in tubuerous sclerosis. Shown is an example of 
a microscopic adipocyte-predominant angiomyolipoma 
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Fig. 2.207 Tuberous sclerosis. This image shows a typical angiomyo- 
lipoma, which contains abundant fat, smooth muscle cells that often 
form a cuff around the arteries, and abnormal thick-walled arteries. The 
abnormal arteries lack elastic lamina and are largely devoid of smooth 
muscle cells 


Fig. 2.208 Tuberous sclerosis. This image from the kidney in 
Fig. 2.199 shows diffuse angiomyolipomatous replacement of the atro- 
phic cortex without formation of a distinct angiomyolipomatous mass. 
The process extends between the native tubules and glomeruli 
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Fig. 2.209 Tuberous sclerosis. In addition to angiomyolipomas, 
patients with TSC have an increased risk of RCC. Shown is a case of 
clear cell RCC with leiomyomatous stroma that arose in a patient with 
tuberous sclerosis 
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2.9 Miscellaneous Cysts 


and Developmental Anomalies 


Miscellaneous cysts and developmental anomalies include: 
* Simple cortical cysts 

* Medullary sponge kidney 

* Lymphangioma/lymphangectasia 

e Subcapsular adrenal and adrenal rest 


Fig. 2.210 Simple cortical cyst. Simple cortical cysts occur commonly 
in older adults but are very uncommon before the age of 40. This 
autopsy kidney contains a single large simple cortical cyst. Notice its 
thin translucent wall. These cysts contain a watery serous fluid. In addi- 
tion to the cyst, there is a clear cell RCC on the right side that has been 
indented by the cyst. These two lesions have no etiologic association 


Fig. 2.211 Calcified cyst. The image presents an unusual example of 
a cyst with thick egg-shell calcification. The patient fell off a roof and 
sustained severe flank trauma several years before death. Over time, the 
resultant large renal hematoma resolved; this calcified cyst likely is the 
residuum of that injury 
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Fig. 2.212 Medullary sponge kidney. In medullary sponge kidney, 
the cysts usually are restricted to the papillary tip (inner medulla), in 
contrast to the outer medulla cysts that occur in NPHP and MCKD. 
Patients with medullary sponge kidney have a metabolic problem and 
are prone to develop nephrolithiasis (Courtesy of The Jay Bernstein, 
MD, Consultative Collection) 


Fig. 2.213 Lymphangectasia/lymphangioma. Lymphangectasia/lymp- 
hangioma is a rare lymphatic proliferation or congenital lesion that may 
involve the renal sinus fat or the renal parenchyma. This case diffusely 
involved the sinus fat but spared the renal parenchyma (Courtesy of The 
Jay Bernstein, MD, Consultative Collection) 
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Fig. 2.214 Lymphangectasia/lymphangioma. This case diffusely 
involved the renal parenchyma. The spaces are large and complex, with 
a thin translucent wall. When parenchymal involvement occurs, it usu- 
ally is regarded preoperatively as a cystic neoplasm. In this case, the 
kidney is diffusely cystic, creating the gross impression of a diffuse 
cystic kidney disease. The contralateral kidney was not involved 
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Fig. 2.215 Lymphangectasia/lymphangioma. Sections from the case 
in Fig. show a multicystic lesion. The spaces are lined by flattened 
endothelial cells. The cysts contain lymph fluid, which when present on 


sections, has a pale eosinophilic appearance. Two of the cysts here con- 
tain lymph fluid 
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Fig. 2.216 Lymphangectasia/lymphangioma. This image shows the 
flattened cells lining the spaces. The diagnosis is predicated on demon- 
strating the presence of lymphatic endothelium and excluding a flattened 
epithelial cell lining. The lining cells in this case were cytokeratin and 
EMA negative, but stained positive for CD31 and the lymphatic 
endothelial marker podoplanin 


Fig. 2.217 Adrenal-renal fusion. Several abnormal adrenal-renal 
developmental anomalies occur. This fetal kidney shows fusion of the 
adrenal gland to the kidney. Notice that there are two points of fusion 
where there is no intervening cortex between the adrenal tissue and the 
renal medulla 
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Fig. 2.218 Subcapsular adrenal. An entirely subcapsular adrenal is an 
uncommon incidental finding at autopsy and usually of no clinical 
significance. In this case, the fibrous renal capsule has been removed. 
Notice the flattened adrenal gland. It was entirely subcapsular and con- 
sisted of both adrenal cortex and medulla. Multiple simple cortical cysts 
also are present 


Fig. 2.219 Adrenal rest. In contrast to subcapsular adrenals, adrenal 
rests are a common autopsy finding. They usually are located in the 
upper pole and visible only after removal of the renal capsule 
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Fig. 2.220 Adrenal rest. Adrenal rests consist of a small aggregation 
of adrenal cortical cells. The adrenal cells resemble normal adrenal cor- 
tical cells. They are in direct contact with renal tubules without an inter- 
vening fibrous renal capsule. Adrenal medulla usually is not present 
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Tubulointerstitial Diseases 


Tubulointerstitial diseases are the most common causes of 
acute and chronic renal failure. They may be classified in 
several different ways. An etiologic classification and 
classification by pattern of injury are probably the most 
common strategies. Each has certain limitations; for 
instance, the etiology of many tubulointerstitial diseases is 
not known. Conversely, some diseases have multiple pat- 
terns of injury, thus might be placed in more than one cat- 
egory. The author has chosen to use a combination of 
pattern of injury and etiology when the latter has certain 
diagnostically distinctive gross or microscopic features 
(Table 3.1). 


Table 3.1 Classification of tubulointerstitial diseases 


Acute Tubular Injury (acute tubular necrosis) 
Ischemic 
Nephrotoxic 
Acute and chronic tubulointerstitial nephritis 
Allergic tubulointerstitial nephritis 
Sjógren's syndrome 
Herbal and slimming agents and aristolochic acid nephropathy 
IgG4-related sclerosing tubulointerstitial nephritis 
Idiopathic hypocomplementemic tubulointerstitial nephritis 
Anti-tubular basement membrane disease disease 
Karyomegalic interstitial nephritis 
Analgesic nephropathy 
Chronic tubulointerstitial nephritis, not otherwise specified 
Granulomatous tubulointerstitial nephritis 
Granulomatous tubulointerstitial nephritis, not otherwise specified 
Sarcoidosis 
Xanthogranulomatous pyelonephritis 
Malakoplakia 


Table3.1 (continued) 


Tuberculosis 
Leprosy 
Diverse other granulomatous infection-related diseases, 
especially fungal 
Acute and chronic pyelonephritis 
Acute pyelonephritis 
Ascending acute pyelonephritis 
Hematogenous acute pyelonephritis 
Emphysematous pyelonephritis 
Chronic pyelonephritis 
Obstructive nephropathy 
Reflux nephropathy 
Viruses and selected other infectious etiologies 
Viruses 
Hydatidosis 
Microfilaria 
Whipple’s disease 
Monoclonal light chain—associated tubulointerstitial diseases 
Light chain cast nephropathy 
Light chain crystal tubulopathy 
Crystal-storing histiocytosis 
Light chain proximal tubulopathy 
Lymphoproliferative disorders 
Crystal- and pigment-associated tubulointerstitial diseases 
Acute phosphate nephropathy 
Nephrocalcinosis 
Randall’s plaque and nephrolithiasis 
Oxalosis 
Cystinosis 
Uric acid nephropathy and gout 
Drugs 
Renal tubular hemosiderosis 
Argyria 
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3.1 Acute Tubular Injury 


(Acute Tubular Necrosis) 


The most common cause of acute renal failure is acute tubular 
necrosis, now usually referred to as acute tubular injury 
(ATI). The presentation is rapid onset of acute renal failure, 
defined as renal failure developing over days to 2 weeks. In 
most patients, the renal failure is reversible. However, mor- 
tality is high because many patients have serious underlying 
diseases responsible for the ATI. 

ATI is characterized by damage to the renal tubular 
epithelium. The mildest morphologic manifestations fre- 
quently encountered on renal biopsy are epithelial attenu- 
ation, vacuolization, and cell sloughing associated with 
interstitial expansion due to edema. Mitotic activity and 
apoptosis may be present, but inflammation is absent to 
mild. Coagulation necrosis associated with interstitial 
edema is common at autopsy but less common in biopsy 
material. The two major causes of ATI are ischemic injury 
and nephrotoxic injury (Table 3.2). Ischemic injury is most 
common. The major clinical events include hypotension, 
volume depletion due to nausea and vomiting, diarrhea 
and dehydration, and anemia due to severe hemorrhage or 
hemolysis. There are a host of nephrotoxic causes. This 
section presents a limited sample of the many causes of 
ATI. Unfortunately, in 25 96 of cases, no clinical event or 
nephrotoxic injury is identified. 


Table 3.2 Causes of Acute Tubular Injury 


Ischemic 


Nephrotoxic 


Rhabdomyolysis 
Crush injury 
Statins 


Intratubular bleeding with hemolysis 
Drugs (a limited list) 
Antibiotics: aminoglycosides, amphotericin, vancomycin 


Antiviral agents: nucleoside, nucleotide, and pyrophosphatase 
analogues 


Nonsteroidal anti-inflammatory drugs 

Calcineurin inhibitors 

Chemotherapeutic agents: cisplatinum, isofosfamide, cytarabine 
Radiocontrast agents 

Intravenous IgG 


Organic solvents 


Heavy metals: lead, mercury, uranium, bismuth, platinum 
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Fig. 3.1 Acute tubular necrosis. Coagulation necrosis of tubules is the 
typical autopsy appearance of ATI. The kidney weight often is increased 
because of interstitial edema. The tubular epithelial cells show dense 
eosinophilic cytoplasm without discernable nuclei. In some cases, the 
distal tubules are less affected; two shown in the lower right. The glom- 
eruli are by definition not affected 


Fig.3.2 Autolysis. Autolysis may be difficult to distinguish from ATI, 
especially in autopsy material. Helpful information includes knowl- 
edge that the creatinine has risen recently and that the renal weight 
is significantly increased above normal. The increased weight likely 
indicates interstitial edema. There also are useful histologic criteria. In 
contrast to ATI, autolysis shows retention of the tubular epithelial cell 
nuclei. Furthermore, in autolysis the tubular cells separate from their 
underlying tubular basement membrane (TBM), leaving a clear zone 
and develop a zone of separation from their neighboring cells, as shown 
in this image 
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Fig. 3.3 ATI. In contrast to autopsy examples of coagulation-type 
acute tubular necrosis, in the living patient the changes often are more 
subtle on renal biopsy. This image shows typical ATI as seen on renal 
biopsy. The tubular epithelium is attenuated, becoming low cuboidal or 
even flattened, resulting in luminal expansion as the remaining tubular 
cells attempt to cover the tubular circumference. The tubules are sepa- 
rated by interstitial edema. Inflammation usually is minimal unless the 
necrosis is severe 


Fig. 3.5 ATI. In ATI, interstitial edema usually can be demonstrated 
with a trichrome stain. The expanded interstitium appears pale with a 
vacuolated appearance to expansion of the interstitial connective tissue 
by the edema fluid. Masson trichrome stain 


Fig. 3.4 ATI. This is another example of ATI showing marked, but 
variable in severity, tubular epithelial attenuation, and interstitial expan- 
sion due to edema. The edema may be extensive enough to result in 
renal enlargement and flank tenderness 
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Fig. 3.6 ATI. This image shows severe tubular epithelial attenuation. 
Many cells have extremely electron-dense cytoplasm. They likely are 
necrotic and destined to slough into the tubular lumen. The interstitium 
is pale and expanded by edema fluid. Electron micrograph 
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Fig.3.7 Rhabdomyolysis-associated ATI. Rhabdomyolysis-associated 
ATI often has distinctive-appearing tubular casts. This example shows 
severe tubular epithelial attenuation and severe interstitial expansion 
due to edema. In addition, there is a tubule that contains multiple small 
dense eosinophilic intraluminal rounded casts that represent myoglobin 
and cell debris. These typically are associated with a cellular reaction; 
thus, it is important to consider LCCN in the differential diagnosis 
whenever myoglobin casts are considered. This is in contrast to the cell 
debris that may be seen in ischemic causes of ATI, in which a cellular 
reaction is typically lacking. Immunohistochemical studies for myo- 
globin and light chains must be performed and usually resolve the issue 
easily 


Fig. 3.8 Rhabdomyolysis-associated acute tubular necrosis. This 
image shows the affected tubule from Fig. 3.7. There is extreme epithe- 
lial attenuation, resulting in an endothelial cell-like appearance. There 
is a mixture of neutrophils and mononuclear cells reacting to the dense 
multinodular myoglobin cast material 
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Fig. 3.9 Rhabdomyolysis-associated acute tubular necrosis. In this 
case of mild epithelial attenuation, the casts have a dense, very eosino- 
philic appearance. Sloughed tubular epithelial cells and pyknotic nuclei 
are intermingled with the casts 


acute tubular necrosis. 


Fig. 3.10 Rhabdomyolysis-associated 
Confirmation that the casts contain myoglobin is accomplished easily 
with an immunoperoxidase stain for myoglobin. Notice the interstitial 
expansion due to edema. Immunoperoxidase stain for myoglobin 
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Fig. 3.11 Rhabdomyolysis-associated acute tubular necrosis. This 
electron micrograph shows that the intraluminal material consists of a 
combination of coagulated electron-dense myoglobin protein and 
rounded silhouettes of sloughed necrotic tubular epithelium 
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Fig. 3.12 Acute tubular necrosis secondary to intranephron bleeding. 
Severe intranephron bleeding with red blood cell lysis releases heme 
protein that may cause ATI. This may occur in various forms of glom- 
erulonephritis. This image is an example of hematuria-associated ATI. 
It shows the same epithelial attenuation and interstitial edema as in an 
ischemic cause of acute tubular necrosis. Several tubules contain degen- 
erating red blood cells. The history of severe hematuria is crucial to 
implicate this etiology 
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Fig. 3.13 ATI and intranephron bleeding. In this example of acute 
tubular necrosis and intranephron bleeding, in addition to tubular epi- 
thelial attenuation and interstitial edema, there is coagulation necrosis 
of cells within a tubule in the center left of the image. The history must 
assist in determining the respective roles for ischemic injury versus 
intranephron bleeding in the tubular injury. Both may be contributing 
factors 


Fig. 3.14 ATI secondary to intranephron bleeding. In this electron 
micrograph, degenerating (laked) red blood cells are present intermixed 
with debris. The surrounding tubule shows epithelial attenuation due to 
cell necrosis and sloughing 
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Fig. 3.15 Tenofovir-associated ATI. Tenofovir, a reverse-transcriptase 
inhibitor, is one of many antiviral drugs that may cause nephrotoxic 
ATI. In addition to extreme tubular epithelial injury with attenuation, 
nuclear enlargement with atypia is typical of tenofovir-associated ATI 
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Fig.3.17 Tenofovir-associated ATI. This electron micrograph shows a 
proximal tubular epithelial cell with marked mitochondrial abnormali- 
ties. The mitochondria are dysmorphic, enlarged, and markedly vari- 
able in size and shape with disorganized cristia. They may be large 
enough to be seen on light microscopy and are referred to as megamito- 
chondria (see Fig. 3.16) 


Fig. 3.16 Tenofovir-associated ATI. This case of tenofovir-associated 
ATI has tubular attenuation, and two tubular cells are in mitosis. In 
addition, two megamitochrondria are present, recognizable as round, 
densely eosinophilic intracellular bodies (arrows). This is a distinctive 
feature of tenofovir toxicity, although uncommonly seen. There also is 
a mild mononuclear cell interstitial infiltrate 
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Fig. 3.18 Aminoglycoside-associated ATI. There are no specific his- 
tologic features in aminoglycoside-associated ATI although tubular cell 
vacuolization may be seen. In this example, there is luminal necrotic 
cell debris in one tubule and the adjacent tubule contains a mitotic 
figure. This might be ischemic in etiology or the result of any number 
of nephrotoxic etiologies. Clinical history is essential to establish the 
cause 
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Fig. 3.21 Calcineurin inhibitor, isometric tubular vacuolization. In 
this example, there is evidence of ATI characterized by mild epithelial 
cell attenuation and interstitial expansion due to edema. There is vari- 
ability between tubules in the degree of tubular isometric vacuolization, 

Fig. 3.19 Aminoglycoside-associated ATI. Aminoglycoside- |a common finding. Masson trichrome stain 

associated ATI often shows numerous tubular cytoplasmic myelino- 

somes (myeloid bodies). This electron micrograph shows a proximal 

tubular cell with its brush border. The tubular cells and tubular lumen 

contain many electron-dense myelinosomes, typical of aminoglycoside- 

associated injury 


Fig. 3.20 Calcineurin inhibitor, isometric tubular vacuolization. 
Calcineurin inhibitors may cause an acute or chronic tubulointerstitial 
injury. The chronic injury results in a nonspecific pattern of interstitial 
fibrosis and tubular atrophy referred to as stripped fibrosis. The acute 
injury results in a uniform pattern of proximal tubular vacuolization, as 
shown in this image. It is referred to as isometric vacuolization. In 
severe cases, this may be accompanied by ATI (not shown here). The 
lesion is reversible 
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3.2 Acute and Chronic 


Tubulointerstitial Nephritis 


Acute tubulointerstitial nephritis (ATIN), the second most 
common cause of acute renal failure, is characterized by 
inflammatory tubulointerstitial disease associated with ATI and 
interstitial edema. It is often of recent or rapid onset, that is, 
clinically acute. Because of its acute onset, reversibility is pos- 
sible in many cases, provided the offending agent is identified 
and eliminated. Patients with chronic tubulointerstitial nephritis 
(TIN) also present with renal failure; they may have a history 
of a chronic illness, may have shown progressive renal disease 
over months to years, or may have an apparent acute presenta- 
tion due to unsuspected chronic renal injury. The characteristic 
findings are irreversible tubulointerstitial injury with tubu- 
lar atrophy and interstitial fibrosis, and an often nonspecific 
chronic inflammatory cell infiltrate. Resolution of the renal 
failure may occur but more often is irreversible. 

The causes of acute and chronic TIN include allergic drug 
reactions (most common), autoimmune diseases, infections, 
and a variety of toxic and metabolic causes. Many of these 
etiologies are illustrated in this section; others are illustrated 
in subsequent sections of this chapter. In many cases, there 
are no diagnostically distinctive features, whereas in others 
there are very distinctive patterns of injury and/or important 
clinical and laboratory features. Unfortunately the cause(s) 
in many cases often remain undefined. 

Acute and chronic TIN may be classified as follows: 

* Allergic TIN 

e Sjógren's syndrome 

* Herbal and slimming agents and aristolochic acid 
nephropathy 

* Immunoglobulin G4 (IgG4)-related sclerosing TIN 

* Idiopathic hypocomplementemic TIN 

* Anti-TBM disease 

* Karyomegalic interstitial nephritis 

* Analgesic nephropathy 

* Chronic TIN, not otherwise specified (NOS) 


3.2.1 Allergic Tubulointerstitial Nephritis 

The most common cause of ATIN is an allergic reaction, usu- 
ally to a drug. The list of drugs capable of this complication 
is lengthy, and unfortunately includes the most commonly 
prescribed agents, such as antibiotic, antihypertensive, and 
nonsteroidal anti-inflammatory drugs. Many patients are on 
multiple agents, which can make identification of the offend- 
ing drug difficult. The most recently prescribed drug usually 
is implicated. However, allergic reactions may develop to 
drugs that have been taken for many months. Another twist 
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is that infectious agents of many types, bacterial, viral, proto- 
zoan, and so on, may cause an ATIN. Because these patients 
likely will be on treatment for these infections, the drug usu- 
ally is implicated because the morphologic findings do not 
discriminate among the two possibilities. 
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Fig. 3.22 ATIN secondary to an allergic reaction. Similar to ischemic 
and nephrotoxic ATI, in acute allergic TIN there is damage to renal 
tubules and interstitial edema. In addition, there is a prominent mixed- 
cell interstitial infiltrate that includes eosinophils. This image shows 
ATI and edema with an infiltrate containing diverse mononuclear cell 
types, such as lymphocytes, plasma cells, and histiocytes. Typically, the 
infiltrate contains few or no neutrophils, and eosinophils may be fre- 
quent, as in this case 


Fig. 3.23 ATIN secondary to an allergic reaction. This trichrome- 
stained section demonstrates the pale expanded interstitium characteris- 
tic of edema. Masson trichrome stain 
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Fig. 3.24 ATIN secondary to an allergic reaction. A prominent eosino- 
philic component to the infiltrate is typical. However, eosinophils may 
be focal whereas the inflammation and tubular injury may be wide- 
spread. This image shows a sizable collection of interstitial eosinophils 
within a background of lymphocytes and plasma cells 


Fig. 3.25 ATIN secondary to an allergic reaction. The infiltrating cells 
not only occupy the interstitial space but also infiltrate the tubular epi- 
thelium, directly injuring the cells. This is best demonstrated by a stain 
that labels the TBM, either periodic acid-Schiff (PAS) or Jones’ meth- 
enamine silver (shown here). With a silver stain, the inflammatory 
nuclei are small and dark whereas the tubular epithelial cell nuclei are 
pale and large. The basement membrane is stained, permitting clear 
demonstration of intratubular inflammation, a phenomenon known as 
tubulitis 
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3.2.2 Sjógren's Syndrome 


Approximately 5 96 of patients with Sjógren's syndrome 
will develop renal disease. The renal involvement includes 
a diversity of possible types, including Fanconi syndrome, 
distal renal tubular acidosis, nephrocalcinosis, glomerulone- 
phritis, and TIN. When TIN develops, it usually is rich in 
plasma cells. 


Fig. 3.26 Sjógren's syndrome plasma cell-rich TIN. The TIN in 
Sjógren's syndrome typically develops a plasma cell-rich chronic TIN. 
The infiltrate in this case is largely plasmacytic, although lymphocytes 
also are present. This patient had long-standing disease, so tubular atro- 
phy with interstitial fibrosis has developed. In some patients, glomeru- 
lonephritis may coexist with the interstitial disease. 
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Fig. 3.27 Sjögren’s syndrome plasma cell-rich TIN. The infiltrate 
from the case shown in Fig. 3.26 contains primarily plasma cells with a 
few lymphocytes intermixed. Eosinophils usually are not present, and 
none are seen here. Other autoimmune diseases may have a similar 
infiltrate, so clinical history and serologic data are required to establish 
a specific etiology 
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3.2.3 Aristolochic Acid Nephropathy and 
Chronic Tubulointerstitial Nephritis 
Secondary to Herbal Remedies and 
Slimming Agents 


Many unregulated over-the-counter herbal remedies and 
slimming agents contain a large number of plant-derived 
components and assorted chemical additives that may be 
nephrotoxic. Of the many possible ingredients, aristolochic 
acid is known to be particularly nephrotoxic. However, other 
components alone, or in combination, may have similar renal 
consequences. Patients present with renal failure and low- 
grade proteinuria. The renal failure often is progressive, and 
end-stage renal disease may develop within weeks to months 
of ingestion. Toxicity usually is proportional to the dosage 
and duration of ingestion. 


Fig. 3.28 Chronic interstitial nephritis secondary to a slimming herbal 
remedy. This severe chronic interstitial nephritis is a result of inges- 
tion of an herbal remedy. The herbal remedy was purchased over the 
counter, and its label listed more than 50 plant products and chemicals, 
although aristolochic acid was not mentioned specifically. In this case, 
there is severe tubular atrophy and dense interstitial fibrosis with mild 
chronic inflammation. The renal failure did not reverse when the patient 
stopped using the herbal remedy 


www.ketabpezeshki.com 


3 Tubulointerstitial Diseases 


Fig. 3.29 Chronic interstitial nephritis secondary to a slimming herbal 
remedy. Trichrome stain highlights the diffuse dense interstitial fibrosis. 
The density of the fibrosis is a clue to its possible nephrotoxic etiology. 
Notice that the glomeruli appear relatively normal. The process is irre- 
versible and often develops rapidly following ingestion of the toxin(s). 
Masson trichrome stain 


Fig. 3.30 Chronic interstitial nephritis secondary to a aristolochic acid 
nephropathy. The interstitial fibrosis in these toxin-related cases is particu- 
larly dense, more so than in many other causes of tubulointerstitial injury. 
In aristolochic acid nephropathy. The fibrosis is very dense with little 
inflammation and is most severe in the peripheral subcapsular cortex 
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Fig. 3.31 Chronic interstitial nephritis, possibly aristolochic acid 
nephropathy. In this case of an herbal remedy causing chronic TIN, the 
patient was Chinese and received herbal treatments of unknown compo- 
sition in China during regular visits to her homeland. This trichrome 
stain demonstrates the dense fibrosis and ablative end-stage renal dis- 
ease. Masson trichrome stain 


3.2.4 IgG4-Related Tubulointerstitial 


Nephritis 


IgG4-related systemic disease is a multiorgan autoimmune 
disease. First identified in the pancreas as autoimmune pan- 
creatitis, IgG4-related systemic disease now is known to 
affect many organs and body sites. Renal involvement may 
present as a discrete mass noted radiologically or as renal 
failure secondary to sclerosing tubulointerstitial disease. 
Biopsy will show a lymphoplasmacystic infiltrate usually 
with numerous eosinophils. Three pattrens of involoment 
have been identified. In pattern A the appearence is similiar 
to that of an allergic ATIN with minimal fibrosis. In pattern 
B the dense inflammatory infiltrate is associated with dense 
expansile fibrosis that may have a storiform quality. The 
tubules become effected, with relative glomerular preserva- 
tion. In pattern C the inflammation is attenuated with colla- 
gen-rich fibrosing process may transition abruptly into 
normal cortex. The infiltrate is enriched in IgG4-positive 
plasma cells, greater than 10-30 in a high-power field; the 
latter number greatly increasing the diagnostic probability of 
IgG4-related TIN. 

Immunofluorescence shows TBM and interstitial deposits 
of IgG, C3, kappa, and lambda. Occasionally, a concomitant 
membranous glomerulonephritis is present and the patient 
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Fig. 3.32 IgG4-related TIN. In IgG4-related systemic disease, a 
plasma cell-rich fibroinflammatory TIN is present. This case shows 
dense interstitial fibrosis and destruction of the tubules very similar to 
aristolochic acid nephropathy. In IgG4-related TIN, eosinophils often 
are present and may be prominent. Only an occasional eosinophil was 
noted in this case, which appeared advanced at diagnosis 
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Fig. 3.33 IgG4-related TIN. Diffuse tubular atrophy and interstitial 
fibrosis develop, and the tubules show marked destruction. Only rem- 
nants of a few tubules and modest inflammation remain in this area with 
advanced fibrosis. Notice that the glomerulus appears relatively unaf- 
fected aside from destruction of Bowman's capsule. PAS stain 


may have heavy proteinuria. Patients often have laboratory 
abnormalities such as eosinophilia, low complement levels, 
and hypergammaglobulinemia with elevation of serum IgG4 
levels. A combination of imaging, clinical and laboratory 
features, and histology is needed to make the diagnosis. 
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Fig. 3.34 IgG4-related TIN. In this disorder, many of the interstitial 
plasma cells stain positive for IgG4. Notice that there are more than 10 
positive cells in this high-power field, which is useful in confirming the 
diagnosis. Unlike many other examples of chronic TIN, this disorder 
may improve with corticosteroid therapy despite the fibrosing nature of 
the process. Imunoperoxidase stain for IgG4 (Stain courtesy of Chris 
Larsen, MD, Nephropath, Little Rock, AR) 


Fig. 3.36 IgG4-related TIN. This electron micrograph from the case 
shown in Fig. 3.35 shows an atrophic renal tubule with an irregularly 
thickened basement membrane that contains numerous small electron- 
dense deposits 
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Fig.3.35 IgG4-related TIN. In IgG4-related TIN, immunofluorescence 
characteristically shows TBM and interstitial immune complex depos- 
its. This IgG stain demonstrates numerous coarse TBM and finely gran- 
ular interstitial deposits. Some patients also have membranous 
glomerulonephritis with IgG4-containing glomerular subepithelial 
immune complex deposits. Immunofluorescence for IgG 
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3.2.5 Idiopathic Hypocomplementemic 


Tubulointerstitial Nephritis 


Idiopathic hypocomplementemic ATIN is an uncommon 
autoimmune disease that shows a marked male predomi- 
nance. Patients present with renal failure, low-grade protei- 
nuria, low serum complement levels, and negative serologies 
for automimmune diseases. The kidney findings are variable. 
The interstitial changes range from acute inflammatory dis- 
ease with ATI and active interstitial inflammation to chronic 
changes with tubulointerstitial scarring in advanced cases. 
Similar to IgG4-related disease, there are numerous TBM 
deposits of IgG and C3. Clq also may be present. Some cases 
of idiopathic hypocomplementemic TIN reported prior to rec- 
ognition of IgG4-related disease may represent that entity. In 
contrast to IgG4-related disease, IgG4 levels are not elevated 
in the serum, IgG4-positive plasma cells are not increased in 
the tissue, nodular densities are not detected when the kid- 
neys are imaged, and other organs are not affected. 


Fig 3.37 Idiopathic hypocomplementemic TIN. This is a case of idio- 
pathic hypocomplementemic TIN on immunofluorescence. Light 
microscopy showed a typical allergic-appearing ATIN with eosinophils. 
This IgG stain shows the diagnostically distinctive TBM and interstitial 
immune complex deposits. Immunofluorescence for IgG 
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3.2.6 Anti-Tubular Basement Membrane 
Disease 


Anti-TBM disease is caused by autoantibodies to a proximal 
tubule basement membrane antigen. The genetic locus is on 
chromosome 6p11.2-12. Causes include an idiopathic dis- 
ease; a familial disease associated with membranous glom- 
erulonephritis in children, often male; drug-related causes; 
and posttransplant cases, as a result of a lack of the specific 
antigen in donor TBM. The disease usually pursues a pro- 
gressive course with development of renal failure. 


Fig. 3.38 Anti-TBM disease. The histologic findings vary, ranging 
from acute TIN resembling a typical allergic drug reaction to chronic 
TIN with chronic renal failure. This idiopathic example shows intersti- 
tial inflammation associated with extensive interstitial fibrosis widely 
separating the small atrophic tubules 


Fig. 3.39 Anti-TBM disease. IgG stain Direct immunofluorescence in 
anti-TBM disease shows strong linear staining of the proximal TBM 
with IgG, as shown here. Notice that several tubules on the left do not 
stain; these are distal tubules. Confirmation of the diagnosis requires 
demonstration of anti-TBM activity in the serum. Alternatively, indirect 
immunofluorescence using the patient's serum and normal kidney sec- 
tions may be performed 
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3.2.7 Karyomegalic Tubulointerstitial Nephritis 


Karyomegalic TIN is part of a multiorgan process in which 
karyomegalic cells are present in the kidney, brain, lung, and 
gastrointestinal tract. Many patients present with recurrent 
respiratory infections and renal failure. Renal involvement 
leads to chronic renal failure in the fourth to fifth decade. 
There is evidence that the disease is the result of FAN/ muta- 
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Fig. 3.40 Karyomegalic TIN. This case shows the impressive tubular 
cell nuclear enlargement and hyperchromasia. Mildly affected tubules 
appear somewhat normal, whereas tubules with cells having the most 
impressive nuclear abnormalities are surrounded by interstitial fibrosis. 
Vessels and glomeruli are not affected by karyomegaly; however, occa- 
sional cells within the interstitium may have enlarged nuclei. These 
may be tubular derived and not true interstitial cells. Mild inflammation 
usually is present (Case courtesy of Chris Larsen, MD, Nephropath, 
Little Rock, AR) 
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tions. The renal tubular epithelium contains cells with marked 
nuclear enlargement and atypia associated with adjacent 
interstitial fibrosis. The nuclei do not stain with proliferation 
markers Ki-67 and proliferating cell nuclear antigen. The 
diagnosis requires exclusion of toxin exposure and of treat- 
ment with chemotherapy and irradiation. Consideration of a 
viral cytopathic effect also is warranted. 
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Fig. 3.41 Karyomegalic TIN. Many of the karyomegalic nuclei appear 
degenerative, with jagged nuclear contours. Although some cells con- 
tain a prominent nucleolus, most nuclei have smudgy appearing chro- 
matin that may elicit consideration of a viral cytopathic effect (Case 
courtesy of Chris Larsen, MD, Nephropath, Little Rock, AR) 
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3.2 Acute and Chronic Tubulointerstitial Nephritis 
3.2.8 Analgesic Nephropathy 


Analgesic nephropathy is a progressive, chronic TIN associated 
with the prolonged consumption of analgesics, usually longer 
than 1 year. Phenacetin-containing preparations, often mixed 
with other agents such as caffeine, initially were implicated. 
Acetaminophen and nonsteroidal anti-inflammatory drugs are 
responsible for more recent cases. Patients present with con- 
centrating defects and hematuria reflecting medullary damage 
that may be severe enough to cause papillary necrosis. 


Fig. 3.42 Analgesic nephropathy. This case shows chronic cortical 
changes of tubular atrophy and interstitial fibrosis with chronic 
inflammation and extravasated Tamm-Horsfall protein, all nonspecific 
findings of chronic TIN. The medullary changes illustrated in Fig 3.43 
fortify the diagnosis when coupled with the history of heavy analgesic 
consumption. PAS stain 
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The diagnosis is based on a combination of history, imaging 
studies, and morphology. Grossly, the kidneys in advanced 
cases are irregularly contracted, with pale to brown renal pyr- 
amids, or show focal calcification or papillary necrosis. The 
cortical histologic changes are largely nonspecific with chronic 
TIN. Capillary sclerosis in the pelvic mucosal and medullary 
small vessel are well described, associated with thickening of 
the loop of Henle TBMs (small tubules). 


Fig. 3.43 Analgesic nephropathy. Medullary tissue from the biopsy 
sample in Fig. 3.42 shows sclerosis and obliteration of medullary capil- 
laries (arrows). This is associated with thickening of the TBMs, espe- 
cially of the loops of Henle (small tubules). PAS stain 
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3.2.9 Chronic Tubulointerstitial 
Nephritis, NOS 


Although the specific etiology may be established in some 
cases of chronic TIN, many causes remain unknown. Chronic 
TIN, NOS, is used in these situations. Presumably, many 
cases represent exogenous sources of injury; thus, a clini- 
cal history of environmental and work-related exposure, as 
well as drug and other medicinal treatments, such as unregu- 
lated herbal remedies, is crucial. Biopsies show widespread 
nonspecific tubular atrophy and interstitial fibrosis with rela- 
tive glomerular preservation, and often show periglomerular 
fibrosis. 


Fig. 3.44 Chronic TIN, NOS. This case shows intense inflammation 
and tubular effacement. There was no history of lower urinary tract dis- 
ease, exposure to nephrotoxins, or other relevant clinical history to 
explain the findings. The density of the infiltrate raises the possibility of 
a lymphoproliferative process. However, the cytology is bland and a 
clonal process was excluded by immunohistochemistry. The renal fail- 
ure was irreversible 
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3.3 Granulomatous Tubulointerstitial 


Nephritis 


Granulomatous forms of TIN are relatively uncommon. Most 

have an allergic, infectious, or autoimmune etiology. The type 

of granuloma—that is, vague, well-demarcated, or caseating— 

and the context, such as an inflammatory process elsewhere in 

the kidney, coexistent stone formation, and clinical history, are 

powerful discriminating features. In most cases, special stains 

for fungal and acid-fast organisms are necessary. 
Granulomatous TIN may be classified as follows: 

* Granulomatous TIN, NOS 

* Sarcoidosis 

* Xanthogranulomatous pyelonephritis 

* Malakoplakia 

* Tuberculosis 

* Leprosy 

e Diverse other granulomatous infection-related diseases, 
especially fungal infections (not illustrated) 


Granulomatous Tubulointerstitial 
Nephritis, NOS 


3.3.1 


The differential for granulomatous TIN is broad and includes 
allergic reaction, sarcoidosis, infection, and autoimmune 
disease. An allergic drug reaction is the most common cause 
of granulomatous TIN. In the absence of another identifiable 
cause, treatment is tailored toward an allergic reaction. In 
most cases of allergic reaction-associated granulomatous 
TIN, the granulomas are vague or poorly formed and the 
nongranulomatous cortex has the appearance of a typical 
allergic ATIN with a mixed-cell infiltrate that includes 
eosinophils. Although rare, ATIN with uveitis should always 
be considered, particularly in children, because 20 % of cases 
may have granuloma formation. 
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Fig. 3.45 Granulomatous ATIN. To the right of the glomerulus is a 
granuloma with several multinucleated giant cells. In areas outside the 
granulomatous reaction, there is an allergic-appearing ATIN with a 
mixed-cell infiltrate that includes eosinophils. In this case, no underly- 
ing etiology was identified. The patient was treated for an allergic 
etiology 
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Fig 3.46 Granulomatous ATIN. The granulomas in allergic etiologies 
may be vague or well formed, and multinucleated giant cells may be 
present, as in this case, or absent. The granulomas typically lack necro- 
sis, useful in reducing the likelihood of an infectious etiology. Regardless 
of the presence or absence of central necrosis, staining for organisms 
should be performed 
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3.3.2 Sarcoidosis-Associated 
Granulomatous Tubulointerstitial 
Nephritis 


Patients with sarcoidosis may develop several forms of renal 
disease. They may present with acute renal failure most fre- 
quently due to hypercalemia-associated injury without a 
morphologic abnormality. Nephrocalcinosis is the most com- 
mon histologic abnormality, although granulomatous TIN is 
not uncommonly observed. The granulomas may be numer- 
ous or infrequent and may contain multinucleated giant cells. 
Asteroid and Schaumann bodies may be seen. A history of 
sarcoidosis is mandatory for diagnosis. 
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Fig. 3.47 Sarcoidosis-associated granulomatous TIN. This field con- 
tains three granulomas in a patient with sarcoidosis biopsied for acute 
renal failure. The surrounding nongranulomatous areas contain a mono- 
nuclear cell infiltrate similar to an allergic etiology. However, eosino- 


phils tend to be infrequent in sarcoidosis interstitial nephritis. Interstitial 
edema or interstitial fibrosis with calcifications also may be present 


Fig. 3.48 Sarcoidosis-associated granulomatous TIN. This is another 
case of sarcoidosis. In sarcoidosis, the granulomas tend to be more dis- 
crete than in allergic etiologies, with less intense and generalized 
inflammation outside the granulomas 
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3.3.3 Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis represents the sequela 
of acute pyelonephritis developing in an obstructed urinary 
tract, most often as the result of a staghorn calculus. The 
xanthogranulomatous process primarily affects the collect- 
ing system and renal pyramids but may extend into the cor- 
tex, or even beyond the kidney into adjacent organs. 
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Fig. 3.49 Xanthogranulomatous pyelonephritis. This end-stage kid- 
ney disease was caused by nephrolithiasis with xanthogranulomatous 
pyelonephritis developing as a complication. Note, the collecting sys- 
tem is dilated and its wall is thickened with a yellow rind. Yellow nodu- 
lar masses replace the renal pyramids. The yellow masses represent the 
xanthogranulomatous inflammation 


Fig. 3.50 Xanthogranulomatous pyelonephritis. If the obstruction 
affects only a portion of the kidney, the xanthogranulomatous process 
will similarly be focal. This example shows end-stage xanthogranu- 
lomatous pyelonephritis affecting two thirds of this kidney. The remain- 
ing portion of the kidney appears normal 


www.ketabpezeshki.com 


3 Tubulointerstitial Diseases 


Fig.3.51 Xanthogranulomatous pyelonephritis. Xanthogranulomatous 
pyelonephritis may involve the cortex and extend through the capsule 
involving perinephric fat, as in this case. Notice the nodular lesions in 
the perinephric fat on the right. When this occurs, it may simulate an 
invasive renal neoplasm on imaging studies 
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Fig.3.52 Xanthogranulomatous pyelonephritis. Xanthogranulomatous 
pyelonephritis also may extend beyond Gerota’s fascia and into adja- 
cent organs. This is a case that extended into the colon (right), involving 
the muscularis propria and submocosa, necessitating partial colectomy 


Fig. 3.53 Staghorn calculus in xanthogranulomatous pyelonephritis. 
Xanthogranulomatous pyelonephritis usually is associated with severe 
nephrolithiasis, often in the form of a staghorn calculus. This is an 
example of a staghorn calculus, which derives its name from its branch- 
ing antler-like structure representing a cast of the calyceal system of the 
involved kidney 
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Fig. 3.54 Xanthogranulomatous pyelonephritis. The xanthomatous 
masses in xanthogranulomatous pyelonephritis tend to show zonal 
changes. The central portions contain a neutrophilic infiltrate and 
necrotic debris, which may be seen at the top of this image. This is sur- 
rounded by large collections of foamy macrophages (xanthoma cells) 
present at the bottom of the image 


Fig. 3.56 Xanthogranulomatous pyelonephritis. The periphery of the 
xanthomatous portions consists of a zone of fibrosis and chronic 
inflammation. The fibrosis tends to be dense and cellular. The fibroplasia, 
if viewed in isolation, may elicit concern of a spindled neoplasm. The 
clinical context, knowledge of the gross findings, lack of severe atypia, 
and presence of inflammation usually permit the correct interpretation 


Fig. 3.55 Xanthogranulomatous pyelonephritis. The cytoplasm of the 
foamy macrophages contains numerous tiny lipid vacuoles. This is a 
useful feature if a diagnosis of clear cell renal cell carcinoma is consid- 
ered, because clear cell carcinoma usually shows completely cleared- 
out areas of cytoplasm lacking a foamy appearance. If cell lineage is in 
doubt, a cytokeratin stain will resolve the issue, because it will be nega- 
tive in xanthogranulomatous pyelonephritis 
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Fig. 3.57 Xanthogranulomatous pyelonephritis. This image shows a 
case of xanthogranulomatous pyelonephritis in which the fibrosis 
extends well beyond the renal capsule into the perinephric fat 
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3.3.4 Malakoplakia 


Malakoplakia is a distinctive granulomatous complication of 
chronic infection associated with a defective phagocytic 
function. It is defined by the presence of sheets of large mac- 
rophages known as von Hansemann histiocytes that contain 
mineralized bacterial remnants known as Michaelis-Gutmann 
bodies, the essential diagnostic feature. Malakoplakia most 
often is a mucosal-based disease in the bladder but occasion- 
ally produces a mass lesion in the kidney that may elicit 
clinical concern about a neoplastic process. 


Fig. 3.58 Malakoplakia. This example of renal parenchymal malako- 
plakia shows a field of von Hansemann histiocytes. These are large his- 
tiocytes with pale to eosinophilic cytoplasm. There are numerous pale 
basophilic Michaelis-Gutmann bodies present, but they are difficult to 
see at this magnification. Special stains (PAS, iron, calcium) make their 
identification straightforward 
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Fig. 3.59 Malakoplakia. This field contains van Hansemann histio- 
cytes. Many of these cells contain pale basophilic intracellular inclu- 
sions known as Michaelis-Gutmann bodies (arrows) 
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Fig. 3.60 Malakoplakia. This is another example of renal parenchy- 
mal malakoplakia. The von Hansemann histiocytes in this case have 
more densely eosinophilic cytoplasm. Many basophilic Michaelis- 
Gutmann bodies are visible (arrows) 
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Fig. 3.61 Malakoplakia. Michaelis-Gutmann bodies are strongly PAS- 
positive and usually numerous in typical cases of malakoplakia. 
However, most will not demonstrate the classic targetoid inclusion, 
which requires careful search and fine focusing up and down. PAS 
stain 
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Fig. 3.62 Malakoplakia. Some Michaelis-Gutmann bodies have the 
classic targetoid appearance, a requirement for the diagnosis of malako- 
plakia. Several bodies with this finding are shown here. PAS stain 
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Fig. 3.63 Malakoplakia, von Kossa calcium stain. Michaelis-Gutmann 
bodies are mineralized and contain both iron and calcium. This sample, 
von Kossa-stained for calcium, shows numerous Michaelis-Gutmann 
bodies. The one in the center of this field has a targetoid appearance. An 
iron stain would be similarly positive 
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3.3.5 Tuberculosis 


Genitourinary tract tuberculosis is the most common 
extrapulmonary site of mycobacterial infections. Mycobacterial 
infections ofthe kidney most often are caused by Mycobacterium 
tuberculosis. However, rarely Mycobacterium bovis may 


involve the kidney and Mycobacterium avium-intracellulare 
may involve the kidney in an immunocompromised host. 
Patients usually have calyceal distortion and ureteral strictures. 
Renal parenchymal involvement ranges from granulomatous 
masses to miliary disease. 


Fig. 3.64 Renal tuberculosis. Renal tuberculosis may have a variety of 
gross appearances. In this case, there are large caseating granulomas. 
Without a history of tuberculosis, these would elicit a differential diagno- 
sis of xanthogranulomatous pyelonephritis. However, no calculi are pres- 
ent, the granulomas are not particularly yellow, and the collecting system 
and ureter (lower left) are contracted, a common complication of genito- 
urinary tract tuberculosis (From Bostwick DG, Cheng L, editors. Urologic 
surgical pathology. St. Louis: Mosby; 2008. Fig 1-108; with permission) 


Fig.3.65 Renaltuberculosis. This example of renal tuberculosis shows 
a hydronephrotic kidney with effacement of the renal pyramids second- 
ary to ureteral stenosis. The granulomatous reaction mimics the pattern 
of involvement seen in xanthogranulomatous pyelonephritis, with rim- 
ming of the collecting system by the granulomatous inflammation 
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Fig. 3.66 Renal tuberculosis. This case of renal tuberculosis shows «1 " | 
small tumor nodules resembling multiple small papillary neoplasms. Ga CN x d 
These represent large discrete fibrocaseous granulomas harboring rare a Sf. 


acid-fast organisms 
Fig. 3.68 Renal tuberculosis. This image shows the central caseating 
necrosis and thin rim of histiocytes from the granuloma depicted in 
Fig. 3.67. Acid-fast organisms were identified, as shown in Fig. 3.69 
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Fig. 3.67 Renal tuberculosis. This fibrocaseous granuloma is from the 
kidney shown in Fig. 3.66. There is central caseating necrosis with a 
thin rim of palisading histiocytes and a thick outer rim of dense 
fibrosis 


Fig. 3.69 Renal tuberculosis. Occasional acid-fast organisms were 
demonstrated in the caseating granulomas shown in Fig. 3.68. Three 
acid-fast organisms are visible in this field. Acid-fast stain 
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3.3.6 Leprosy 


Mycobacterium leprae may cause several forms of renal 
disease affecting glomeruli or tubulointerstitial regions. 
Patients with glomerular diseases present with proteinuria 
and hematuria, and renal biopsy may show either an immune 
complex glomerulonephritis or AA amyloid. Patients with 
tubulointerstitial disease present with renal failure due to 
TIN with or without granuloma formation. 


Fig. 3.70 Miliary tuberculosis in a renal transplant patient. This renal 
allograft was removed for chronic rejection when a second graft was 
placed. It contains numerous 1-mm granulomas (arrows) in a miliary 
pattern involving both cortex and medulla. This was an unsuspected 
finding 


Fig. 3.72 Renal leprosy. This granuloma is from a patient with leprosy 
biopsied for acute renal failure. The biopsy showed multiple small non- 
caseating, sarcoid-like granulomas. There was mild acute TIN outside 
the granulomas. Acid-fast organisms were demonstrated (see Fig. 3.73). 
PAS stain 


Fig.3.71 Miliary tuberculosis in a renal transplant patient. This image 
shows one of the granulomas from the gross photograph in Fig. 3.70. 
The center of the granuloma was fibrocaseous. Notice the multinucle- 
ated giant cells. The acid-fast stain was positive for occasional 
organisms 


Fig. 3.73 Renal leprosy. This sample, stained by Fite's method, shows 
a cluster of acid-fast organisms associated with tubular epithelium. No 
organisms were demonstrated within the granulomas. (Photograph 
courtesy of David Scollard, MD, PhD, National Hansen’s Disease 
Programs, Baton Rouge, LA) 
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3.4 Acute and Chronic Pyelonephritis 

Acute pyelonephritis is a direct bacterial infection of the 
kidney. Patients present with signs of infection, such as fever 
and leukocytosis, and have urinary findings such as flank 
pain, pyuria, and white blood cell casts. The organisms 
responsible most often are enteric in origin because the most 
common avenue for infection is via an ascending route fol- 
lowing a lower urinary tract infection. However, almost any 
infective agent may involve the kidney, especially with 
blood-borne infections, which encompass many possible 
organisms. Some would use the phrase pyelonephritis with 
fungal infections, that is, fungal pyelonephritis. By conven- 
tion, viral and acid-fast infections are not included. 
Complications of acute pyelonephritis include urosepsis, 
abscess, pyonephrosis, and, rarely, emphysematous pyelone- 
phritis. If acute pyelonephritis is protracted or recurrent, it 
may evolve into chronic pyelonephritis. 

Chronic pyelonephritis often is separated into two major 
forms—chronic obstructive pyelonephritis and reflux neph- 
ropathy—because these types have distinctive gross features 
and differ in pathogenesis. In chronic obstructive pyelone- 
phritis, the entire kidney usually is affected because it is uni- 
formly exposed to a lower urinary tract obstructive injury. 
Exceptions occur if the obstruction is segmental—for 
instance, in a duplex kidney with two ureters, only one of 
which is obstructed (see also the segmental example of 
xanthogranulomatous pyelonephritis in Fig. 3.50). The 
obstruction may be extrinsic (the result of ureteral or urethral 
obstruction, secondary to neoplasms, radiation injury, retro- 
peritoneal fibrosis, and so on) or intrinsic (secondary to ure- 
teral and ureteral pelvic junction developmental abnormalities, 
nephrolithiasis, and so on). 

Reflux nephropathy develops in patients with vesi- 
coureteral reflux (VUR) and urinary tract infections who have 
renal pyramids susceptible to intrarenal reflux. Refluxing 
renal pyramids are usually compound renal pyramids in 
which two or more renal papillae are fused. Fusion results in 
a concave, rather than convex, papilla. With VUR, the ducts 
of Bellini of compound papilla are forced open, permitting 
entry of urine into the renal pyramids, a phenomenon known 
as intrarenal reflux. Compound renal pyramids usually 
are polar in location; thus, the scars of reflux nephropathy 
usually are polar. The adjacent nonrefluxing pyramids are 
largely unaffected, so reflux-related scars often are sharply 
delineated. 

Acute and chronic pyelonephritis is classified as follows: 
* Acute pyelonephritis 

— Ascending acute pyelonephritis 

— Hematogenous acute pyelonephritis 

— Emphysematous pyelonephritis 
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* Chronic pyelonephritis 
— Obstructive nephropathy 
— Reflux nephropathy 


Fig. 3.74 Normal kidney with compound pyramids. This bivalved kid- 
ney shows two compound pyramids, each representing distal fusion of 
two papillae tips. Both compound papillae have a slightly flattened tip. 
These would be susceptible to intrarenal reflux with increased intrapel- 
vic pressure 
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Fig. 3.75 Acute pyelonephritis, ascending. Implication of an ascend- 
ing source of acute pyelonephritis is supported by the presence of neu- 
trophils in the collecting ducts of the inner and outer medulla. This 
image shows collecting ducts in the inner medulla filled with neutro- 
phils. The neutrophils and necrotic cell debris would be destined to 
enter the urine as white blood cell casts. Bacterial usually are not 
visible 
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Fig. 3.76 Acute pyelonephritis, ascending. This image shows the 
outer medulla from the case shown in Fig. 3.75. Many tubules are filled 
with neutrophils that have not appreciably spilled over into the intersti- 
tium, implicating an ascending source of infection 
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Fig. 3.77 Acute pyelonephritis, ascending. The cortex in this case of 
ascending acute pyelonephritis shows a neutrophilic intratubular 
infiltrate. The adjacent interstitium contains a lymphocytic and plasma- 
cytic infiltrate, indicating early evolution into chronic pyelonephritis 
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Fig 3.78 Acute pyelonephritis, ascending. The cortex in this case of 
acute pyelonephritis shows a neutrophilic intratubular infiltrate. The 
adjacent interstitium contains a lymphocytic and plasmacytic infiltrate 
and fibrosis, indicating more advanced evolution into chronic pyelone- 
phritis compared with Fig. 3.77 


Fig. 3.79 Acute pyelonephritis, hematogenous. This is a case of 
hematogenous acute pyelonephritis secondary to infective endocarditis. 
Multifocal rounded cortical microabcesses are present, a typical feature 
of the hematogenous route of infection. In contrast to ascending acute 
pyelonephritis, no pelvicalyceal abnormalities or medullary abscesses 
are present. (From Bostwick DG, Cheng L, editors. Urologic surgical 
pathology. St. Louis: Mosby; 2008, Fig. 1-91; with permission) 
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Fig. 3.80 Acute pyelonephritis, hematogenous. This patient had fun- 
gal endocarditis (see Fig. 3.82). Three rounded cortical microabcesses 
are present. This is the typical pattern seen in infections from an embo- 


lic hematogenous source Fig. 3.82 Acute pyelonephritis, hematogenous. Fungal yeast forms 
are abundant within the abscess in Fig. 3.81, nicely demonstrated with 
this PAS stain. The patient had died from disseminated infection 
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Fig. 3.83 Acute pyelonephritis, hematogenous. This image from a 
patient with acute bacterial endocarditis shows large collections of bac- 
Fig. 3.81 Acute pyelonephritis, hematogenous. This image shows a teria within the glomerular capillary loops, representing embolization 
microabscess. In the center is a large collection of neutrophils that have of a microvegetation to a glomerulus. There is a surrounding suppura- 
produced liquefactive necrosis, destroying the native tissue. The neutro- — tive response, soon to result in liquefactive necrosis and microabscess 
phils are rimmed by a histiocytic reaction formation. Gram stain 
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Fig. 3.84 Emphysematous acute pyelonephritis. In acute pyelonephri- 
tis, several complications may develop, the most serious of which is 
emphysematous pyelonephritis. Shown is a case of emphysematous 
pyelonephritis with subcapsular hemorrhage. The renal parenchyma 
is completely necrotic and permeated with tiny gas bubbles obscuring 
its architecture. A fanlike linear structure of a renal pyramid is faintly 
visible in the center (arrow) 


Fig.3.85 Emphysematous acute pyelonephritis. There is diffuse coag- 
ulation necrosis in emphysematous pyelonephritis. The clear spaces 
represent gas formation, and the blue granular foci are large colonies of 
bacillary organisms. This complication of acute pyelonephritis typi- 
cally occurs in diabetics, and the organisms responsible typically are 
enteric in origin. Death is the usual outcome 
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Fig. 3.86 Chronic obstructive pyelonephritis. This image shows 
chronic pyelonephritis secondary to lower urinary tract obstruction. 
There is massive hydroureter and hydronephrosis with caliectasis. The 
ureter is paper thin and transparent. Most of the renal pyramids are 
ablated, and there is severe cortical thinning 


Fig. 3.87 Chronic obstructive pyelonephritis. This example of chronic 
pyelonephritis secondary to lower urinary tract obstruction shows 
hydronephrosis with caliectasis most severe in the lower pole. A stone 
is impacted in a calyx. Recurrent intractable nephrolithiasis was the 
underlying cause of obstruction in this case 
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Fig. 3.88 Chronic obstructive pyelonephritis. This is an example of 
severe obstructive pyelonephritis with massive hydronephrosis second- 
ary to a very unusual abnormality of the collecting system and proximal 
ureter that is difficult to classify. Notice what appears to be a very 
dilated and thick-walled pelvis at the bottom. To the left (just outside 
the image area), a ureteropelvic junction obstruction was present. Also 
notice the trifid extrarenal calyces with infundibulum stenosis and only 
a thin rim of atrophic kidney at the top 
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Fig. 3.90 Reflux nephropathy. This example of reflux nephropathy 
shows an extensively scarred kidney. Notice that the scars are polar and 
that there is an island of normal-appearing parenchyma in the midpole 
of the kidney (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 


Fig. 3.91 Reflux nephropathy. This example of reflux nephropathy 
nicely demonstrates the sharp delineation between the scars and the 
nonscarred renal parenchyma (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 


Fig. 3.89 Reflux nephropathy. This example of reflux nephropathy 
shows several scarred regions, the largest of which involves the upper 
pole; however, there are two small scars involving the mid- and lower 
poles. There is ample uninvolved and normal-appearing renal paren- 
chyma (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 3.92 Chronic obstructive pyelonephritis. The gross features are 
the most important clues to the underlying etiology of chronic pyelone- 
phritis. Including portions of the renal pyramids is important in the his- 
tologic diagnosis of pyelonephritis because it will demonstrate damage 
in both forms of pyelonephritis, implicating a lower urinary tract prob- 
lem. In this image, the renal pyramid is concave and effaced, rather than 
convex, a finding that would not be seen if the cortical damage were a 
result of glomerular, vascular, or another type of chronic tubulointersti- 
tial disease. The cortex shows diffuse tubular atrophy with protein casts, 
fibrosis, and chronic inflammation, which would be present in either 
chronic obstructive pyelonephritis or reflux nephropathy 
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Fig.3.93 Chronic obstructive pyelonephritis. This image of an advanced 
stage of chronic obstructive pyelonephritis reveals effacement of the 
entire renal pyramid. When the medullary tissue is severely damaged, the 
entire nephron population supplied by that pyramid atrophies, which 
explains the cortical findings. Note the marked fibrointimal thickening of 
the large and small arteries, which is typical of end-stage kidneys regard- 
less of the underlying etiology: tubulointerstitial, glomerular, or vascular 
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Fig. 3.94 Chronic obstructive pyelonephritis. The classic appearance 
of the renal tubules in chronic pyelonephritis is the presence of colloid 
casts reminiscent of the appearance of thyroid acini. This is referred to 
as thyroidization of the renal tubules. Although not pathognomonic of 
chronic pyelonephritis, it is a very frequent finding. Notice again the 
marked fibrointimal thickening of the large arteries 
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Fig.3.95 Chronic obstructive pyelonephritis. The image shows thyroidiza- 
tion of the tubules. The tubular epithelium is very thin and inconspicuous; 
the casts are densely eosinophilic. Because the profiles of the casts are all 
circular, the “tubules” actually are spheres in three dimensions, reflecting 
fragmentation of the tubules by the interstitial inflammatory process 
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Fig. 3.96 Reflux nephropathy. In reflux nephropathy, the renal scars 
usually are polar in location and the entire kidney is not involved. 
Because only renal lobes with refluxing pyramids are damaged, the 
adjacent nonrefluxing lobes are unaffected, as demonstrated in this 
image. There is an abrupt transition from the lobe with chronic pyelo- 
nephritis on the right to a lobe with normal-appearing parenchyma on 
the left. Vascular lesions affecting a major artery may show similar 
sharply delineated lesions. Thus, the gross findings are important. If 
only a biopsy sample or a section of kidney is available for review, clini- 
cal information, such as history of lower urinary tract disease, nephro- 
lithiasis, and so on, is critical. PAS stain 


Fig. 3.97 Reflux nephropathy. This example of reflux nephropathy 
shows the abrupt delineation of the refluxing renal lobe on the left com- 
pared with the adjacent nonrefluxing renal lobe on the right. PAS stain 
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3.5 Viral and Selected Other 


Infectious Agents 


A modest number of viruses directly affect the renal 
parenchyma and result in diagnostically distinctive findings; 
BK polyomavirus and cytomegalovirus (CMV) are most 
common. Some viruses affect the kidney indirectly by elicit- 
ing immunologic reactions or immune complex diseases. 
There also are many unusual bacterial, fungal, and parasitic 
infections that affect the kidney. Some are very rare in the 
United States but more common in other geographic regions. 
The best resource for unusual infections of the kidney is 
Renal Disease: Classification and Atlas of Infectious and 
Tropical Diseases by Sinniah, Churg, and Sobin. The most 
common viral infections and a few other, uncommon infec- 
tions are illustrated in this section. 

Viral and selected other infectious agents are as follows: 
* Viruses 

— CMV 

— BK polyomavirus 

— Adenovirus 
* Hydatidosis 
e Microfilaria 
* Whipple's disease 


Fig. 3.98 Congenital CMV. In congenital CMV infections, there usu- 
ally is florid involvement of the kidney. The tubular epithelium is the 
primary target. Several tubules in the center contain multiple cells with 
very large intranuclear and cytoplasmic inclusions. The glomeruli are 
not affected 
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Fig. 3.99 Congenital CMV. These tubular cells contain the typical Fig. 3.101 CMV in a renal transplant. The inclusions of CMV often 

large “owl’s eye” CMV inclusions with their distinctive halo. Granular affect cells other than renal tubular cells in the immunocompromised 

basophilic cytoplasmic inclusions also are present in every cell host. This renal transplant biopsy specimen shows an endothelial cell 
affected on the left and two interstitial cells at the center top 


Fig. 3.100 CMV. Although immunoperoxidase confirmation of CMV Fig. 3.102 CMV in a renal transplant. In this renal transplant patient 
rarely is necessary in a classic congenital case, it was performed in the with CMV, podocytes were affected. Two podocytes contain CMV in 
case shown here. Immunoperoxidase staining reveals both the intranu- this glomerulus, although only one classic intranuclear inclusion is 
clear and cytoplasmic CMV antigen visible 
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3.5.1 BK Polyomavirus 


BK polyomavirus infections are acquired by most people at a 
young age. Most are subclinical or mild respiratory infections. 
BK is latent in the kidney in over 70 % of renal transplant 
patients, representing the sequela of these previously acquired 
infections. BK causes renal disease only in an immunocom- 
promised host, primarily renal transplant patients, when the 


Fig. 3.103 BK polyomavirus. A clue to the presence of BK polyoma- 
virus in a renal biopsy specimen is the presence of occasional pyknotic 
cells with densely eosinophilic cytoplasm within the renal tubules. Two 
are shown in this image (arrows). They stand out at low power and 
would be uncommon in a typical acute rejection episode 
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Fig. 3.104 BK polyomavirus. BK polyomavirus may produce a variety 
of nuclear abnormalities ranging from marked nuclear enlargement and 
hyperchromasia to diagnostically distinctive intranuclear inclusions. This 
renal transplant biopsy sample contains multiple intranuclear inclusions 
typical of BK polyomavirus. The nuclei are enlarged and the inclusions 
are pale with a distinct edge (arrows), in contrast to the smudgy intranu- 
clear inclusions of adenovirus and the halo characteristic of CMV. 
Invariably, there is an associated interstitial inflammatory component, 
which at first glance may suggest acute tubulointerstitial rejection 
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virus is reactivated. It elicits interstitial inflammation with 
tubulitis that requires distinction from acute T-cell tubuloint- 
erstitial rejection. BK infections often lead to graft loss. 


Fig. 3.105 BK polyomavirus. This renal transplant biopsy specimen 
reveals several tubular cells with typical BK polyomavirus intranuclear 
inclusions (arrows). Although this tubule is cortical, renal medullary 
tissue often is the most heavily involved site 
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Fig. 3.106 BK polyomavirus. Confirmation of the presence of BK 
polyomavirus is not necessary for obvious cases, as shown in Fig. 3.105. 
However, not infrequently, there are cases in which diagnostic inclu- 
sions may not be present but there are tubular cells with prominent 
nuclear changes that elicit the possibility of BK polyomavirus. BK 
virus is demonstrated easily with an immunoperoxidase stain for SV40, 
as shown here. There typically are many more positive cells staining 
than appreciated by routine stains. Therefore, it is advisable to perform 
immunoperoxidase stains for BK on all transplant biopsy specimens to 
avoid missing low-volume infections 
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Fig. 3.107 BK polyomavirus. Electron microscopy of an intranuclear M. 

inclusion of BK polyoma virus reveals 50-nm virons organized into 

distinctive hexagonal arrays. The individual virons are significantly Fig. 3.109 Adenovirus. This image shows two cells infected by aden- 

smaller than herpesvirus and adenovirus ovirus. Both show nuclear enlargement with the smudgy appearing 
intranuclear inclusions (arrow) characteristic of adenovirus 


Fig. 3.108 Adenovirus. Adenovirus occasionally is detected in a renal 
transplant biopsy. The typical lesion of adenovirus is a small necrotiz- 
ing interstitial focus associated with a mixed-cell inflammatory 
infiltrate. Two necrotizing foci are shown here. Cells with intranuclear 
inclusions often are subtle and usually few in number 
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3.5.2 Hydatidosis 


Hydatidosis is a cystic parasitic disease caused by 
Echinococcus granulosus. The adult worm lives within the 
small intestine of dogs. Excreted eggs are inadvertently 
ingested by humans, the intermediate host. The eggs hatch in 


Fig.3.110 Hydatidosis. This kidney contains a large hydatid cyst con- 
taining numerous brood capsules or daughter cysts. A second, smaller 
cyst is located to the left of the large one (Photograph courtesy of Anila 
Abraham Kurien, MD) 


Fig. 3.111 Hydatidosis. This image shows a large collection of daugh- 
ter cysts removed from the large hydatid cyst shown in Fig. 10 
(Photograph courtesy of Anila Abraham Kurien, MD) 
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the human intestine and oncospheres penetrate the mucosa 
and enter the portal vein. From there, they infect the liver, 
lungs, and kidneys. Oncospheres develop into large hydatid 
cysts that contain numerous daughter cysts with hundreds to 
thousands of scolices, the infective agent. 


Fig. 3.112 Hydatidosis. The daughter cysts have a wall known as the 
acellular laminated membrane. It is lined internally by the germinal 
membrane layer. The thick acellular laminated membrane is shown in 
this image. The inner germinal membrane layer is best seen on the right 
inside (Photograph courtesy of Anila Abraham Kurien, MD) 


Fig. 3.113 Hydatidosis. Along the inner aspect of the daughter cyst is 
the germinal membrane layer. It contains round to oval scolices, several 
of which are visible in this image. These are the infective agents 
(Photograph courtesy of Jaiyeola O. Thomas, MD) 
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Fig. 3.114 Hydatidosis. This wet preparation shows a scolex, the 
infective agent. Note the centrally located rostellum, also known as the 
crown of hooks (Photograph courtesy of Anila Abraham Kurien, MD) 


Fig. 3.115 Microfilaria. Microfilaria is an uncommon renal infection 
in North America but more prevalent in other geographic regions, such 
as Asia. It may cause renal disease via two routes: indirectly via immune 
complex glomerulonephritis or by direct involvement by organisms. 
This glomerulus shows direct involvement. It contains several curved 
microfilaria (arrows) within the afferent arteriole and glomerular capil- 
laries (Photograph courtesy of Anila Abraham Kurien, MD) 
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3.5.3 Whipple’s Disease 


Whipple’s disease is a rare infection primarily of the small 
bowel caused by the organism Zropheryma whipplei. 
Symptoms include diarrhea, weight loss, arthropathy, and 
fever. Bacteria are seen most often on small bowel biopsy. 
Occasionally, other organs are involved. 


Fig. 3.116 Whipple’s disease. Shown is the first reported case of T. 
whipplei presenting with renal disease and identified on renal biopsy. 
This PAS-stained sample demonstrates the Whipple’s bacilli. A large 
cluster of organisms has localized in this glomerulus, primarily infect- 
ing the epithelial cells (arrow). Their appearance is identical to that of 
the organisms in a small bowel biopsy. Subsequent small bowel biopsy 
revealed typical involvement, and the diagnosis was confirmed by 
molecular testing (Photograph courtesy of Carrie Phillips, MD, Indiana 
University School of Medicine) 


Fig.3.117 Whipple’s disease. This electron micrograph shows numer- 
ous Whipple bacilli infecting both the parietal and visceral epithelial 
cells (arrows). Many organisms also appear to be free within Bowman's 
space (Photograph courtesy of Carrie Phillips, MD, and Michael 
Goheem, Indiana University School of Medicine) 
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Fig. 3.118 Whipple’s disease. This electron micrograph shows the 
characteristic bacillary features of Whipple bacilli in both longitudinal 
and cross-sections (Photograph courtesy of Carrie Phillips, MD, and 
Michael Goheem, Indiana University School of Medicine) 
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Tubulointerstitial Monoclonal 
Immunoglobulin and Light 
Chain-Associated Diseases 


3.6 


Many  paraprotein, amyloid, and _ lymphoproliferative 
disorders may cause renal disease (Table 3.3). Some cause 
only tubulointerstitial disease, whereas others cause glom- 
erular disease or combined glomerular and tubulointerstitial 
disease and/or vascular disease. Four entities causing tubu- 
lointerstitial disease are illustrated in this chapter: 

1. Light chain crystal tubulopathy 

2. Crystal-storing histiocytosis 

3. Light chain proximal tubulopathy 

4. Light chain cast nephropathy 

The others are addressed in Chap. 6. 


Table3.3 Paraprotein, amyloid, Tubulointerstitial Glomerular Clinical 

and lymphoproliferative diseases Renal lesion disease disease findings 

ot thè kidney Light chain cast nephropathy + RF 
Light chain crystal tubulopathy + FS, RF 
Crystal-storing histiocytosis + RF 
Light chain proximal tubulopathy + RF 
Lymphoproliferative tubulointerstitial infiltration + RF 
Angiotrophic T-cell lymphoma + RF 
Amyloidosis + + NS, RF 
Immunoglobulin/light chain deposition disease + + NS, RF 
Cryoglobulinemic glomerulonephritis + NS. RF 
Proliferative glomerulonephritis with + NS, RF 
monoclonal immunoglobulin deposits 
Podocyte and glomerular capillary loop light + NS, RF 
chain crystal diseases 
Waldenstróm's macroglobulinemia t NS, RF 


+ positive, FS Fanconi syndrome, NS nephrotic syndrome, RF renal failure 
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3.6 Tubulointerstitial Monoclonal Immunoglobulin and Light Chain-Associated Diseases 


3.6.1 Light Chain Cast Nephropathy 

LCCN, also often referred to as myeloma cast nephropathy, 
results from the precipitation of monoclonal light chains 
within tubular lumina. The light chains cause acute renal 
failure due to tubular obstruction by the casts and direct 
tubular injury by the light chains. An inflammatory response 
is characteristic and the casts typically are PAS negative, a 
feature not seen in most non-light chain protein casts. 
Although multinucleated giant cells typically are illustrated, 
mononuclear histiocytes and neutrophils are not uncommon, 
and in some instances little inflammatory response is initi- 
ated. Although the following images show obvious cases, it 
is not uncommon to encounter much more subtle cases; thus, 
careful immunofluorescence evaluation and comparison of 
kappa and lambda stains on biopsy are important. 
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Fig. 3.119 LCCN. Light chain casts typically elicit a prominent cell 
reaction. This example shows several light chain casts associated with 
an impressive multinucleated giant cell reaction. The involved tubules 
are injured, as evidenced by their thin, attenuated epithelial lining 
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Fig. 3.120 LCCN. The light chain casts typically have what is referred 
to as a hard and cracked appearance with sharp right angles and a ten- 
dency to indent tubular epithelium. Notice that these casts appear frag- 
mented with sharp right angles. Also note that the cellular reaction in 
this case is mostly mononuclear rather than giant cell, which is not 
always present 


Fig. 3.121 LCCN. Trichrome stain hightlights the rigid shape of a cast 
and often shows the intense bicolor staining pattern shown here. A PAS 
stain will be negative in the casts of LCCN. This case is associated with 
very little cell reaction to the cast. There is interstitial expansion caused 
by edema due to ATI with mild inflammation. Masson trichrome stain 
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Fig. 3.122 LCCN. A cytokeratin stain nicely demonstrates that the 
cells investing the casts are not epithelial. The giant cells and mononu- 
clear cells stain negative (they would be positive for histiocytic markers 
such as CD68), whereas the tubular cells stain positive for cytokeratin. 
Cytokeratin immunoperoxidase stain 


Fig. 3.123 LCCN. The key diagnostic feature of LCCN is demonstra- 
tion of light chain restriction in the casts. In this case, the casts stain 
strongly for kappa light chain whereas the lambda light chain stain was 
completely negative. Kappa light chain immunofluorescence 
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Fig. 3.124 LCCN. Some cases of LCCN contain light chain casts 
composed of numerous crystals with tubular lumina. This case con- 
tained numerous small rectangular to rhomboid-shaped, densely eosino- 
philic crystals within tubules. No inflammatory response was elicited 
by the light chain crystals. Although these crystals showed light chain 
restriction by immunofluorescence, light chains in crystalline form may 
be negative by routine immunofluorescence. However, pronase diges- 
tion usually reveals light chain restriction 
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3.6.2 Light Chain Crystal Tubulopathy 


In this type of light chain disease, the light chain crystals 
are located within the tubular epithelium; the tubular lumina 
are empty. Patients present with renal failure and often have 
Fanconi syndrome. Although the crystals are very numer- 
ous, the histologic findings may be subtle. This problem 
may be compounded because the crystals may not stain by 
immunofluorescence. However, antigenic sites are more read- 
ily available to light chain antisera with pronase digestion. 


Fig. 3.125 Light chain crystal tubulopathy. This case of light chain 
crystal tubulopathy shows two proximal tubules in which all the cells 
are stuffed with tiny light chain crystals. Although the magnification is 
high, the crystals themselves are subtle. Routine immunofluorescence 
was completely negative for both light chains. The patient had a mono- 
clonal kappa light chain 


Fig. 3.126 Light chain crystal tubulopathy. Trichrome stain allows the 
best visibility of intracellular crystals. This case shows subtle granular- 
ity to the proximal tubule cytoplasm, which is loaded with light chain 
crystals. Lowering the microscope condenser may enhance the visibil- 
ity of the crystals. Masson trichrome stain 


www.ketabpezeshki.com 


Ultrastructural 
identification of the light chain crystals is easy because most of the 
tubules are affected. The intracellular crystals have a variety of shapes, 
mostly ranging from triangular to square with sharp crisp angles. 
Electron micrograph 


Fig. 3.127 Light chain crystal tubulopathy. 
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3.6.3 Crystal-Storing Histiocytosis 


Crystal-storing histiocytosis is another rare form of light 
chain crystal deposition. In this disease, the crystals are 
located within infiltrating histiocytes rather than cells of the 
nephron. Like light chain crystal tubulopathy, the antigenicity 
of the crystals may be impaired in frozen tissue, necessitat- 
ing pronase digestion to demonstrate light chain restriction. 


Fig. 3.130 Crystal-storing histiocytosis. This electron micrograph 
shows large histiocytes with intracellular vacuoles filled with light 
chain crystals 


Fig. 3.128 Crystal-storing histiocytosis. Crystal-storing histiocytosis, 
like light chain crystal tubulopathy, may be very subtle on routine his- 
tologic stains. This case contains numerous interstitial histiocytes laden 
with light chain crystals. The expanded interstitium simply looks 
fibrotic at this magnification 


Fig. 3.129 Crystal-storing histiocytosis. The histiocytic cells and their 
intracellular crystals are readily seen on review of toluidine blue stain 
of l-um sections for electron microscopy. Notice the numerous large 
cells within the interstitium (arrow). Each is a histiocyte filled with 
elongated light chain crystals 
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3.6.4 Light Chain Proximal Tubulopathy 


Light chain proximal tubulopathy is another monoclonal 
light chain tubular disease. Patients present with proteinuria 
and renal failure due to ATI. On immunofluorescence, light 
chain restriction is noted within the proximal tubule cyto- 
plasm where lysosomal granules are filled with a single light 
chain. More cases are the result of lambda light chains than 
kappa light chains. The lesion may be seen alone or in com- 
bination with other light chain lesions, such as LCCN. Most 
patients subsequently are shown to have multiple myeloma. 


Fig 3.131 Light chain proximal tubulopathy. This case showed only 
ATI by light microscopy. The light chain etiology of the injury was not 
apparent, and no other light chain lesion was present. However, on 
immunofluorescence, the proximal tubules contained numerous cyto- 
plasmic lysosomal granules that stained only for lambda light chain. 
The kappa stain was completely negative within the proximal tubules. 
Immunofluorescence for lambda light chain 
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3.7  Lymphoproliferative Disorders 


Lymphoproliferative disorders, both lymphomas and 


leukemias, frequently involve the kidney, especially at 
autopsy in patients with advanced disease. In the living 
patient, the involvement may be subclinical or overt, with 
presentation in acute renal failure. There usually is bilateral 
marked renal enlargement; extrarenal disease also is usually 
present. Rarely, a primary renal presentation occurs. 


Fig 3.132 Lymphoproliferative disorder, chronic lymphocytic leuke- 
mia. This biopsy specimen is from a patient with chronic lymphocytic 
leukemia who presented with unexplained acute renal failure. The neo- 
plastic infiltrate in lymphoproliferative-related diseases typically forms 
confluent masses of cells that widely separate the tubules and glomer- 
uli, a distinctive finding at low magnification 


Fig. 3.133 Posttransplant lymphoproliferative disorder, large B-cell 
lymphoma. This renal biopsy was performed in a renal transplant 
patient for unexplained acute renal failure. The biopsy specimen shows 
a large cell B-cell lymphoma related to an Epstein-Barr infection. 
The lymphomatous infiltrate is extensive, again widely separating the 
renal tubules. The cytologic features in this case make the diagnosis 
straightforward 
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Fig. 3.134 Lymphoproliferative disorder, large cell lymphoma. This 
field is from an autopsy kidney from a patient who died with dissemi- 
nated lymphoma. The lymphoma extensively involved the kidney, 
resulting in massive bilateral involvement and renal failure. Many other 
organs also were involved. Note the intratubular neutrophils indicative 
of acute pyelonephritis. The patient died of urosepsis 
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3.8 Crystals and Pigments 
Crystal deposition in the kidney is common. Calcium 
phosphate crystals, calcium oxalate crystals, and small med- 
ullary urate granulomas are common minor findings at 
autopsy and frequently occur in end-stage kidney disease. 
However, more widespread deposition of these crystals may 
represent serious exogenous or endogenous metabolic renal 
diseases. Furthermore, several drugs, such as antiviral agents, 
may precipitate within renal tubules, providing important 
evidence of an iatrogenic cause of renal failure. 

Crystals and pigments may be present in the following: 
* Acute phosphate nephropathy 
e Nephrocalcinosis 
* Randall’s plaque and nephrolithiasis 
e Renal tubular oxalosis 

— Primary hyperoxalosis, types 1 and 2 

— Secondary oxalosis, exogenous and endogenous 
e 2,8-Dihydroxyadeninuria (DHA) 
* Cystinosis 

— Infantile nephropathic cystinosis 

— Juvenile cystinosis (see Figs. 6.171, 6.172, and 6.173) 
* Acute uric acid nephropathy (not illustrated) 
* Drugs: indinavir 
* Renaltubular hemosiderosis 
* Argyria 
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3.8.1 Acute Phosphate Nephropathy 

Oral sodium phosphate-containing bowel preparations and 
other exogenous sources of heavy phosphate ingestion may 
result in widespread tubular deposition of calcium phosphate 
crystals. Inadequate hydration and older age are risk factors 
for this complication. 
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Fig. 3.135 Acute phosphate nephropathy. This is a bowel prepara- 
tion-associated example secondary to a phosphate-containing enema. 
There is widespread deposition of calcium phosphate crystals in the 
distal tubules and collecting ducts, and extending into the interstitium. 
Depending on the severity and timing of the biopsy, tubulointersti- 
tial scarring may be present, as in this case. Renal failure usually is 
irreversible 


Fig. 3.136 Acute phosphate nephropathy. In this case, the cause was 
chronic excessive use of phosphate-containing antacids. The patient 
admitted to the ingestion of 20 or more tablets per day. There is wide- 
spread tubular deposition of calcium phosphate crystals. Interstitial 
fibrosis is beginning to develop 
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Fig. 3.137 Acute phosphate nephropathy. von Kossa's calcium stain 
confirms the presence of calcium in the crystals. The history is crucial 
to establishing the etiology because nephrocalcinosis resulting from 
other hypercalcemic or hyperphosphatemic causes have a similar 
appearance 
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3.8.2 Nephrocalcinosis 


Nephrocalcinosis refers to the heavy deposition of calcium 
phosphate in the kidney secondary to altered metabolic 
states. This may occur in many settings, including chronic 
hypercalcemia, hypercalciuria, and hyperoxaluria, which 
may develop secondary to hyperparathyroidism, endogenous 
metabolic diseases, or as a complication of a variety of drugs. 
The crystals may affect the tubular epithelium or decorate 
tubular and glomerular basement membranes and may be 
associated with nephrolithiasis. 
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Fig. 3.138 Nephrocalcinosis. This is an example of sarcoidosis-asso- 


ciated nephrocalcinosis. It shows extensive decoration of glomerular 


membranes and TBMs by calcium phosphate 


Fig. 3.139 Nephrocalcinosis. Shown is an example of renal tubular 
nephrocalcinosis. The biopsy specimen is from a renal transplant patient 
with severe chronic renal failure associated with secondary hyperpara- 
thyroidism prior to transplantation. The biopsy was performed because 
of renal failure that developed shortly after transplantation. The speci- 
men shows numerous tubules containing intraluminal calcium phos- 
phate crystals 
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3.8.3 Randall’s Plaque and Nephrolithiasis 


Approximately 5 % of people develop stones, most com- 
monly composed of calcium oxalate. It has been shown that 
calcium oxalate stones form on the nidus of TBM and inter- 
stitial calcium phosphate deposits located in the papillary tip. 
These deposits are known as Randall's plaques. 


Fig. 3.140 Randall's plaques. This gross photograph shows a papil- 
lary tip with distal pale yellowish discoloration, representing tubular 
and stromal calcifications known as Randall’s plaques (arrow) 
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Fig. 3.141 Randall's plaques. Shown is a Randall plaque consisting of 
extensive interstitial calcification with formation of a microcalculus. 
Above the dominant plaque are several loops of Henle showing TBM 
calcification, the earliest stage of the process 


Fig. 3.142 Staghorn calculi. This image of chronic pyelonephritis 
with marked caliectasis also shows a staghorn calculus in situ. Although 
staghorn calculi commonly are associated with development of xan- 
thogranulomatous pyelonephritis, this does not occur in every case 
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3.8.4 Renal Tubular Oxalosis 
Renal tubular oxalosis refers to the widespread 
tubulointerstitial deposition of calcium oxalate crystals, 
leading to renal failure. It may be secondary to an exog- 
enous exposure (most common), such as ethylene glycol 
(antifreeze), methoxylflurane anesthesia, dioxane poison- 
ing, pyridoxine deficiency, or excessive vitamin C ingestion, 
or may have an endogenous origin, secondary to pancreatic 
insufficiency, gastrointestinal disease. In addition, rare pri- 
mary forms of oxalosis occur. Primary hyperoxalosis/hyper- 
oxaluria (PO) is a rare autosomal recessive disorder resulting 
from an inborn error of metabolism. There are two types, PO 
typel and PO type 2, caused by mutation of alanine glyco- 
late aminotransferase or glyoxylate reductase, respectively. 
Patients with PO type 1 develop widespread tissue deposi- 
tion of oxalate, leading to end-organ damage including renal 
failure and death by age 20. Patients with PO type 2 have less 
severe disease; they have hyperoxaluria and may develop 
only nephrolithiasis, but occasionally develop renal failure 
from renal tubular oxalosis. 


Fig. 3.143 Renal tubular oxalosis secondary to antifreeze ingestion. If 
a patient ingests something that delivers a heavy oxalate load to the 
renal tubules, they will develop direct tubular injury associated with 
precipitation of oxalate-containing crystals. In this case, the source was 
antifreeze ingestion. Note the severe ATI in tubules without crystals and 
the numerous intraluminal calcium oxalate crystals. Interstitial edema 
with mild inflammation also is present 
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Fig. 3.144 Renal tubular oxalosis secondary to antifreeze ingestion. 
Calcium oxalate crystals are strongly birefringent under polarization 
microscopy. This image is from the same case as Fig. 3.143. The crys- 
tals may be intracellular, be within the tubular lumen, or extend into the 
interstitium from severely damaged tubules 


Fig.3.145 Renaltubularoxalosis secondary to pancreatic insufficiency. 
Pancreatic insufficiency with severe steatorrhea leads to excessive lipid 
in the intestine that binds calcium. Hyperabsorption of oxalate may 
occur. Oxalate stones are the most common complication. However, 
some patients develop renal tubular oxalosis, as in this case 
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Fig.3.146 Renaltubularoxalosis secondary to pancreatic insufficiency. 
Again, calcium oxalate crystals show strong birefringence under polar- 
ization microscopy. This is the same case as shown in Fig. 3.145 
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Fig. 3.147 Primary hyperoxalosis, type 1. Primary oxalosis results 
in hematuria, renal colic, and renal failure, presenting in childhood. 
Shown is an autopsy kidney with extensive tubular and interstitial depo- 
sition of oxalate crystals. Notice that the glomeruli are spared crystal 
deposition 
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Fig. 3.148 Primary hyperoxalosis, type 1. The tissue oxalate deposi- Fig. 3.150 Primary hyperoxalosis, type 2. This is an adult with pri- 
tion is massive in primary hyperoxalosis. This image shows extensive mary hyperoxalosis, type 2. He had a long history of recurrent calcium 
deposits of oxalate crystals associated with diffuse interstitial fibrosis. | oxalate stones and then gradually developed renal failure in adulthood 
The media of renal arteries in this case also showed heavy deposits from renal tubular oxalosis. This biopsy specimen shows oxalate crys- 
tals similar in quantity to that encountered with antifreeze ingestion and 
enteric oxalosis. Prominent interstitial inflammation is associated with 
the intratubular crystals 


Fig. 3.151 Primary hyperoxalosis, type 2. Polarization microscopy at 


: : d à low power demonstrates the extent of crystal deposition in the case 
sis, the calcium oxalate crystals in primary hyperoxalosis show strong own in Fig. 3.150 


birefringence under polarization microscopy 


Fig. 3.149 Primary hyperoxalosis, type 1. As in other causes of oxalo- 
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3.8.5 Dihydroxyadeninuria 


DHA, arare autosomal recessive disorder caused by mutation 
of the APTR gene located on chromosome 16q24, results in 
deficiency of adenine phosphoribosyltransferase. Patients 
typically have recurrent nephrolithiasis. However, because 
DHA is insoluble in urine at the usual pH range, it may crys- 
tallize, leading to a crystalline nephropathy that may prog- 
ress to end-stage renal disease. DHA stones, such as uric 
acid stones, are radiolucent and therefore may not always be 
recognized clinically. Because allopurinol is an effective 
treatment, the correct diagnosis is important. 
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Fig. 3.152 DHA crystalline nephropathy. A renal biopsy in DHA may 
show tubulointerstitial disease ranging from ATI with edema to inter- 
stitial fibrosis. Crystals form intratubular sheaves with a reddish brown 
color. Tiny intracellular crystals also are present within the tubular cell 
cytoplasm. This may be subtle and easily overlooked if large intratu- 
bular crystal collections are not present. Numerous tiny intracellular 
crystals are present in this field, with one large intratubular luminal 
collection 


Fig. 3.153 DHA crystalline nephropathy. Like calcium oxalate crys- 
tals, DHA crystals are strongly birefringent. Notice that polarization of 
the same field shown in Fig. 3.152 reveals the numerous tiny intracel- 
lular crystals, as well as the obvious tubular intraluminal crystal 
aggregate 
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3.8.6 Cystinosis 


Cystinosis is an autosomal recessive disorder caused by 
mutation of the CTNS gene that encodes for cystinosin. The 
mutations result in lysosomal accumulation of cystine, lead- 
ing to multiorgan damage. Three forms of cystinosis affect 
the kidney. The infantile nephropathic form is most severe. 
Patients present with Fanconi syndrome, which if untreated 
is followed by renal failure and death by age 10 years. The 
juvenile form is slowly progressive and causes glomerular 
disease (see Figs. 6.170, 6.171, and 6.172). The adult form 
shows only ocular disease. 


Fig.3.154 Infantile nephropathic cystinosis. This image of an autopsy 
kidney from a patient with the infantile form of cystinosis shows a large 
cluster of refractile cystine crystal within the interstitium. The crystals 
are very tiny and water soluble. Therefore, fixation in 100 % alcohol is 
required to demonstrate the crystals 


Fig. 3.155 Infantile nephropathic cystinosis. This image shows the 
widespread nature of the crystal deposition in infantile nephropathic 
cystinosis. There are numerous birefringent cystine crystals scattered in 
clusters throughout the atrophic tubulointerstitial regions 
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mens in patients with renal failure but without gout. 

Fig. 3.157 Urate granulomas. This more extensive urate granuloma 
formation was noted in a nephrectomy for renal cell carcinoma. There 
was no known metabolic disorder, and the finding is regarded as inci- 
dental. There is central calcification within the urate granuloma 
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Fig. 3.156 Urate granulomas. Small urate granulomas occasionally 
are observed in renal biopsies and at autopsy; they usually are of no 
clinical significance. This renal biopsy sample contains two urate gran- 
ulomas located in the renal medulla. The uric acid is dissolved during 
the process, but its associated proteinaceous matrix remains and a his- 
tiocytic reaction is present 
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3.8.8 Drug-Associated Crystal Nephropathy 


Several therapeutic agents used to treat HIV cause intratubular 
crystal formation, resulting in renal failure. The list includes 
acyclovir (distal tubule deposition), foscarnet (glomerular 
capillary and proximal tubule deposition), indinavir (distal 
tubule and collecting duct deposition), and sulfadiazine (dis- 
tal tubule and collecting duct deposition). An example of 
indinavir toxicity is illustrated below. 
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Fig. 3.158 Indinavir toxicity. Shown is a small medullary granuloma 
in an HIV patient treated with indinavir. The silhouettes of indinavir 
crystals are evident, engulfed by multinucleated giant cells. The collect- 
ing duct itself appears destroyed 


Fig. 3.159 Indinavir toxicity. This image, from the same case as in 
Fig. 3.158, shows another crystal granuloma. The crystals are envel- 
oped by multinucleated giant cells and surrounded by pale-staining 
Tamm-Horsfall protein, indicative of distal tubule injury 
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3.8.9 Renal Tubular Hemosiderosis 


Hemosiderin staining of renal tubular epithelium is encoun- 
tered in diverse chronic hemolytic states; sickle cell anemia 
is one particularly common cause. Renal hemosiderosis usu- 
ally is mild and of no clinical significance; however, it occa- 
sionally may be severe enough to cause chronic TIN and 
renal failure. 


Fig. 3.160 Renal tubular hemosiderosis. This is a renal biopsy speci- 
men from a patient with a dysfunctional heart valve associated with a 
prolonged and persistent hemolytic state. The specimen shows marked 
hemosiderin deposition within renal tubules. There is adjacent intersti- 
tial fibrosis and mild inflammation, consistent with chronic tubulointer- 
stitial injury from the severe hemosiderosis 
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Fig.3.161 Renal tubular hemosiderosis. An iron stain from the biopsy 
specimen shown in Fig. 3.160 strikingly highlights the massive degree 
of renal tubular hemosiderin deposition. There is also mild interstitial 
cell deposition. Prussian blue stain 
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3.8.10 Argyria 


The prolonged use of silver-containing preparations may 
result in widespread and tissue deposition of silver. The sil- 
ver deposition is irreversible and grossly imparts a bluish 
discoloration to the skin and affected organs. 
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Fig. 3.162 Renal tubular hemosiderosis. This electron micrograph 
reveals intracellular hemosiderin within a renal tubule. The hemosid- 
erin is within lysosomal granules and has a variable electron-dense 
appearance that is not itself diagnostic of hemosiderosis without the 
light microscopic findings 


Fig. 3.164 Argyria, renal silver deposition. This kidney is from a 
patient with a history of prolonged use of silver-containing nose drops. 
The patient had systemic argyria leading to a bluish discoloration of the 
skin and many organs at autopsy. The image shows black deposits of 
silver in this chronically damaged autopsy kidney 


Fig. 3.163 Argyria, subcapsular appearance of the kidney. This kid- 
ney is from a patient with a long history of using silver-containing nose 
drops. There is blue-black tattooing of the subcapsular surface 
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Renal Vascular Diseases 


Renal vascular diseases are the most common forms of renal 
injury as well as the most common renal abnormalities 
encountered in nephrectomy specimens and at autopsy. Of 
these diseases, hypertension-associated injury leads the list 
by far. There is an important reciprocal renal-cardiovascular 
axis that has been recognized for over a century; severe or 
prolonged hypertension may damage the kidneys, and 
severely damaged kidneys, from whatever cause, may pro- 
duce severe hypertension. 

Many of the vascular diseases listed below are associated 
with acute or chronic renal failure and secondary forms of 
hypertension. Most also have distinctive gross findings that 
allow easy recognition in a nephrectomy or at autopsy fol- 
lowing careful assessment of the vascular pole and examina- 
tion of the renal surface after removal of the renal capsule. 

Types of renal vascular diseases are as follows: 

e Hypertension-associated renal disease 

* Renal artery stenosis 

* Renalartery dissection 

* Renal artery aneurysm 

* Renal cholesterol microembolism syndrome 
* Renal emboli and infarcts 

* Renal papillary necrosis 

e Renal cortical necrosis 

* Renal artery thrombosis 

* Renal vein and renal venous thrombosis 
* Arteriovenous malformation and fistula 
e Vasculitis 


4.1 Hypertension-Associated Renal Disease 
There are two general types or degrees of hypertension: so- 
called benign or essential hypertension and malignant hyper- 
tension. Either type may be primary, which is most common, 
or secondary to one of many possible causes. Hypertension- 
associated renal disease may be classified as benign nephro- 
sclerosis or malignant nephrosclerosis. 


S.M. Bonsib, Atlas of Medical Renal Pathology, Atlas of Anatomic Pathology, 


Benign or essential hypertension is very common, espe- 
cially in middle-age and older patients. Despite its name, it is 
neither benign nor essential. It is a silent killer associated not 
only with renal failure but also cardiac and cerebrovascular 
disease. Although most patients with benign hypertension 
will not develop renal failure, because of the high prevalence 
of the disease, it is the leading cause of end-stage renal 
disease. 

Malignant hypertension, by contrast, is a medical emer- 
gency with a high risk of irreversible renal failure, myocar- 
dial infarct, and stroke. Patients present with systemic 
symptoms including headache, dizziness, and impaired 
vision. Ocular examination will reveal retinal hemorrhages 
and exudates, and papilledema. Diastolic blood pressure 
usually exceeds 120-130 mmHg, and may be much higher. 
Most patients have had preexisting benign hypertension. 

Causes of hypertension are as follows: 

* Primary (idiopathic) hypertension 
* Secondary hypertension 

— Renalartery stenosis 

— Acute glomerulonephritis 

— Chronic renal diseases 

— Neoplasms 

* Renin-producing tumors 
e Adrenocortical tumors 
e Pheochromocytoma 
— Endocrine abnormalities 
* Thyrotoxicosis 
e Adrenocortical hyperplasia 
* Hyperparathyroidism 
* Oral contraceptives 
— Neurogenic 
— Miscellaneous vascular 
e Preeclampsia 
* Thrombotic microangiopathy 
e Vasculitis 
e Coartation of the aorta 
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4.1.1 Benign Nephrosclerosis 

The renal lesions of benign hypertension have been referred 
to by variety of names: benign nephrosclerosis, hyperten- 
sive nephrosclerosis, arterial nephrosclerosis, arteriolar 
nephrosclerosis, or vascular nephrosclerosis. This disease 
is more common in African Americans and in men, and 


Fig. 4.1 Benign nephrosclerosis. This is a fixed kidney from an 
autopsy. It is smaller than normal. Renal weights in benign nephroscle- 
rosis often are in the 90-100 g range. The subcapsular surface shown 
here has a fine granularity. The arteries at the renal hilum are very thick- 
ened, which may be appreciated in the photograph 
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the risk of hypertension has been strongly linked to 
reduced nephron mass, prematurity, and low birth weight. 
There are genetic contributions as well. The kidney is uni- 
formly contracted with weights ranging from 90 to 120 g. 
The subcapsular surface has a distinctive granular appear- 
ance due to shallow scars with intervening normal 
paraenchyma. 
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Fig. 4.2 Benign nephrosclerosis. This image is from an unfixed 
autopsy kidney. It shows the surface granularity. The granular compo- 
nent represents rounded islands of preserved renal parenchyma. The 
grooves or depressed red areas between the rounded islands represent 
shallow subcapsular scars, as illustrated in Figs. 4.4, 4.5, and 4.6 


Fig. 4.3 Benign nephrosclerosis compared with a normal kidney. The 
normal kidney on the right has a smooth subcapsular surface, which is 
normal. The kidney on the left has a coarsely granular subcapsular sur- 
face; itis from an adult with a long history of hypertension. The coarse- 
ness ofthe granularity correlates with the severity of the nephrosclerosis; 
the more severe degrees of nephrosclerosis have a coarser appearance 
due to deeper scars, whereas milder degrees of nephrosclerosis have 
shallower scars and a finer granularity (From Zhou M, Mag-Galluzzi, 
editors. Genitourinary pathology. Philadelphia: Elsevier; 2007. p. 245. 
Chapter 5, Fig. 5.26; with permission) 
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Fig. 4.4 Benign nephrosclerosis. This image shows a subcapsular scar. 
The depressed scar contains sclerotic or hyalinized glomeruli, which 
appear as pale rounded eosinophilic nodules and small atrophic tubules. 
Also present are thickened arterioles and interstitial fibrosis with a mild 
lymphoid infiltrate. The adjacent, seemingly elevated tissue is non- 
scarred cortex 


Fig. 4.5 Benign nephrosclerosis. The sclerotic glomeruli in the 
depressed scar are readily identified with periodic acid-Schiff (PAS) 
stain. They contain a contracted or collapsed glomerular tuft with 
Bowman's space filled in by dense acellular connective tissue. The atro- 
phic tubules are small and contain protein casts. There is an associated 
lymphoid infiltrate 
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Fig. 4.6 Benign nephrosclerosis. This subcapsular scar shows a mildly 
contracted glomerulus on the left with an adjacent, completely hylanized 
or globally sclerotic glomerulus to its right. Notice the very sclerotic 
and thick-walled arteriole at the top and the severe fibrointimal thicken- 
ing of the small artery in the lower right 
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Fig. 4.7 Benign nephrosclerosis. Shown is a glomerulus undergoing 
ischemic obsolescence secondary to hypertension and associated vas- 
cular disease. The glomerulus shows capillary loop wrinkling and col- 
lapse, often referred to as ischemic wrinkling or ischemic obsolescence. 
Collagen has partially filled in Bowman's space. The interlobular artery 
on the right shows prominent fibrointimal thickening, whereas the con- 
necting arteriole is markedly thickened with hyalinosis (PAS stain) 
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Fig. 4.8 Benign nephrosclerosis. The evolution of hypertensive injury 
from a normal to a sclerotic glomerulus begins with capillary loop 
wrinkling and collapse, visible in the upper half of this glomerulus. 
Collagen then begins to fill in Bowman’s space beginning at the vascu- 
lar pole, as shown toward the bottom of the image (PAS stain) 


, 


Fig. 4.9 Benign nephrosclerosis. The completely sclerotic glomerulus 
due to hypertension appears as a bland featureless eosinophilic mass on 
hematoxylin and eosin stain. However, on PAS stain, it is seen to consist 
of a uniformly contracted glomerular tuft surrounded by collagen within 
Bowman’s capsule 
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Fig. 4.10 Arteriolar hyalinosis. This electron micrograph shows an 
arteriole with hyalinosis. Between the medial smooth muscle cells, 
electron-dense hyaline material has filled in sites of smooth muscle 
loss. This is the so-called hyaline material that accumulates in arterioles 
and small arteries in hypertension and diabetes 
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4.1 Hypertension-Associated Renal Disease 


4.1.2 Malignant Nephrosclerosis 


In malignant hypertension, there is severe injury to arteries, 
arterioles, and glomeruli. Grossly, the kidney may be smaller 
than normal from preexistent benign nephrosclerosis or 
enlarged from interstitial edema due to acute injury. The 
subcapsular surface may show petechial hemorrhages or 
even acute infarcts. Microscopically, thrombotic microan- 
giopathy is present with lesions that range from acute to 
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Fig. 4.11 Acute thrombotic microangiopathy secondary to malignant 
hypertension. The arteriole on the left shows luminal thrombosis with 
red cell extravasation and fragmentation. The endothelium appears 
absent. Although arteries often are involved, in this field the adjacent 
artery shows chronic hypertensive damage with prominent fibrointimal 
thickening but no thrombotic changes 
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Fig. 4.12 Acute thrombotic microangiopathy secondary to malignant 
hypertension. The glomeruli also may be involved by the thrombotic 
process. This image shows two glomeruli, one of which is spared injury. 
The second glomerulus, on the right, shows severe capillary loop thom- 
bosis with red cell fragmentation. Few discernable nuclei are present, 
indicating endothelial cell and mesangial cell necrosis 


www.ketabpezeshki.com 


151 


chronic; both types may coexist. In the acute lesions, there is 
necrosis of endothelium, vascular smooth muscle, and 
mesangial cells with fibrin deposition and red blood cell 
extravasation, a lesion known as acute thrombotic microan- 
giopathy. In the chronic lesions, the thrombotic and necrotiz- 
ing lesions organize or heal, resulting in concentric 
fibrointimal thickening of arteries and hyperplastic arteri- 
oles, and either glomerular ischemic collapse or glomerular 
capillary loop duplication. 


Fig. 4.13 Acute thrombotic microangiopathy secondary to malignant 
hypertension. This glomerulus is severely damaged by the thrombotic 
process. In the center, the afferent arteriole is thrombosed, extending 
into several capillary loops. There is also lysis of the mesangium in the 
center. To the left, several capillary loops are beginning to collapse. 
Jones methenamine silver stain 
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Fig. 4.14 Acute thrombotic microangiopathy secondary to malignant 
hypertension with early organization. In protracted cases of malignant 
hypertension, the fibrin breaks down and the thickened intima contains 
an abundant pale-staining ground substance, a finding referred to as 
mucoid intimal thickening. In this trichrome-stained sample, the 
severely thickened intima contains fragmented red blood cells and its 
lumen is markedly reduced. A few spindled cells are present in the 
intima and are likely producing matrix proteins. Masson trichrome 
stain 


Fig.4.15 Malignant hypertension, organizing lesion. This interlobular 
artery shows a more advanced stage or early resolution with impressive 
mucoid intimal thickening. The thrombosis has resolved, leaving behind 
no residual fibrin or red cell fragments. The severely thickened intima 
contains abundant ground substance with sparce cellularity. Its lumen is 
markedly reduced and likely will not re-expand. Masson trichrome 
stain 
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Fig. 4.16 Acute thrombotic microangiopathy secondary to malignant 
hypertension, acute and organizing lesions. This field shows both acute 
thrombotic lesions and an organizing lesion. There is thombosis and red 
cell extravasation in the artery at the bottom and the arteriole in the 
center. Both are severely damaged, with little remaining discernable 
architecture. The associated glomerulus is undergoing ischemic col- 
lapse. The large artery at the top right shows replication of its internal 
elastic lamina and marked intimal thickening rich in ground substance. 
This will continue to organize, resulting in fixed luminal compromise. 
Jones methenamine silver stain 


Fig.4.17 Malignant hypertension. Immunofluorescence in thrombotic 
microangiopathy often shows prominent deposition of both immuno- 
globulin M (IgM) and fibrin in the thrombotic arterial and arteriolar 
lesions. Shown here is a thrombosed arteriole positive for IgM. 
Immunofluorescence for IgM 
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Fig. 4.18 Malignant hypertension, chronic lesion. Once glomerular 
thrombosis resolves, there can be re-endothelialization of the capillary 
loops. The replacement endothelial cells remain separated from the 
native basement membrane and synthesize new basement membrane, 
resulting in duplication or a double contour (arrows), as illustrated in 
the glomerulus. Mesangiolysis may persist, as in this case. Jones meth- 
enamine silver stain 


Fig. 4.19 Malignant hypertension. When glomeruli are spared throm- 
botic lesions and there is severe arterial involvement, the glomeruli may 
show ischemic capillary loop wrinkling and collapse. Jones methe- 
namine silver stain 
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4.2 Renal Artery Stenosis 

Renal artery stenosis (RAS) is a common autopsy finding 
and may be associated with renovascular hypertension in the 
living patient. The most common cause is aortic atheroscle- 
rotic disease affecting the ostia of the main renal artery. It 
accounts for 80-90 % of cases of RAS. This is usually a dis- 
ease of older adults, with a male predominance, and is a 
complication of prolonged smoking, hypertension, and 
hyperlipidemia. Renovascular hypertension results when the 
occlusion is severe. When chronic renal artery stenosis is 
bilateral, renal failure may develop. 

The second most common cause of chronic renal artery 
stenosis is fibromuscular dysplasia of the renal arteries. This 
is a disorder that preferentially affects young to middle-aged 
women. There are several types of fibromuscular dysplasia, 
as noted below. There also are many other uncommon causes 
of renal artery stenosis, also listed below: 

e Atherosclerotic renal artery stenosis 
* Fibromuscular dysplasia 
* Other causes 

— Renal artery dissection 

— Renalartery aneurysm 

— Renal artery thrombosis 

— Renalartery emboli 

— Arteriovenous malformation 

— Arteritis 

— Radiation injury 

— Transplant artery stenosis 

— Neurofibromatosis 


66485457-66963820 


154 


4.2.1 Atherosclerotic Renal Artery Stenosis 


Fig 4.20 Chronic renal artery stenosis. The most common cause of 
chronic renal artery stenosis is aortic atherosclerotic vascular disease 
occluding the ostia of the renal arteries. In this autopsy case there is 
unilateral RAS present. The affected right kidney is extremely reduced 
in size. The ostia of the renal artery was totally occluded at its aortic 
origin 
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Fig. 4.21 Chronic renal artery stenosis. The arterial supply to the kid- 
ney is variable, and polar (segmental) arteries arising separately from 
the aorta are not uncommon. This is an example of bilateral chronic 
renal artery stenosis in which the main renal artery of the right kidney 
(left) is affected and the kidney size is substantially reduced compared 
with the contralateral left kidney. Notice the polar artery supplying the 
superior pole of the left kidney (right); it is stenotic. The superior pole 
is pale, and there is an abrupt plateau-like transition to the thicker renal 
parenchyma supplied by nonobstructed arteries. The appearance of the 
posterior surface of the upper pole is the same as this anterior surface 


Fig. 4.22 Chronic renal artery stenosis. In chronic stenosis of the main 
renal artery, the kidney is small and uniformly contracted. The surface 
has a smooth to lightly granular surface. These features are present in 
this example, which also includes several shallow infarcts due to cho- 
lesterol embolic disease 
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Fig. 4.23 Chronic renal artery stenosis with patent polar artery. In this 
patient, nephrectomy was performed for a presumed renal neoplasm. 
However, the nodular portion on the right represents preserved renal 
parenchyma supplied by a patent superior-pole segmental renal artery. 
The tiny nubbin of tissue at the bottom of the superior pole represents 
the transected polar artery. The rest of the kidney is atrophic. It was 
supplied by a stenotic main renal artery 


lind? Te 


^ 
dd d 


Fig. 4.24 Chronic renal artery stenosis. Chronic renal artery stenosis 
primarily affects the renal tubules. The tubules are lined by cells with 
scant cytoplasm, resulting in reduced tubular diameter. Because tubules 
comprise 90 % of the cortical volume of a normal kidney, the loss of 
tubular volume results in clustering of the glomeruli and overall reduc- 
tion in kidney size. Although glomerulosclerosis may be present, espe- 
cially in patients with a history of hypertension, the glomeruli often are 
well preserved 
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Fig. 4.25 Chronic renal artery stenosis. This kidney is from a 9-year- 
old child with chronic renal artery stenosis secondary to fibromuscular 
dysplasia. Notice that the tubules are small and composed of cells with 
little cytoplasm. The tubules lack thickened tubular basement mem- 
branes typical of atrophic tubules from other causes. They are closely 
spaced without significant interstitial fibrosis. These features are char- 
acteristic of chronic renal artery stenosis. In a child, they are reminis- 
cent of the tubular changes of renal tubular dysgenesis 
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Fig. 4.26 Chronic renal artery stenosis. This image is from an adult 
with atherosclerotic disease-related chronic renal artery stenosis. 
Notice that the glomeruli are close together and there is a single scle- 
rotic glomerulus in the lower left. There is a little more interstitium than 


in the pediatric case above, but the tubules generally are small and 
closely spaced 
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Fig. 4.27 Chronic renal artery stenosis. The limited tubular basement 
membrane thickening in atrophic tubules of chronic renal artery steno- 
sis is revealed by a PAS stain. Note their proximity to one another, with 
little interstitial fibrosis. Many tubules have no basement membrane 
thickening; others show mild thickening. PAS stain 
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4.2.2 Fibromuscular Dysplasia of Renal Arteries 


Fibromuscular dysplasia typically affects young to middle- 
aged women. It is the second most common cause of chronic 
renal artery stenosis in adults. Although children are rarely 
affected by chronic renal artery stenosis, when it does occur 
fibromuscular dysplasia is the most common cause. The 
main renal artery alone may be involved or intrarenal arteries 
also may be affected. Patients with fibromuscular dysplasia 
usually present with hypertension of recent onset. 
Complications include renal artery aneurysm, renal artery 
dissection, and thrombosis. There are several types of 
fibromuscular dysplasia, including: 

* Intimal fibromuscular dysplasia 

* Medial hyperplasia 

* Medial fibromuscular dysplasia with aneurysms 

e Perimedial fibromuscular dysplasia 

e Adventitial fibromuscular dysplasia 


Fig. 4.28 Fibromuscular dysplasia, intimal form. Shown is the intimal 
form of fibromuscular dysplasia in a 9-year-old child. Notice that the 
internal elastic lamina is intact although focally replicated. The intima 
contains loose connective tissue without atherosclerotic complications. 
There are no medial abnormalities or adventitial changes. van Gieson 
elastic stain 
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Fig. 4.29 Fibromuscular dysplasia, intimal form. Another example of 
intimal fibromuscular dysplasia affecting an adult involves only intrare- 
nal arteries, arcuate and interlobular. The arcuate artery has a markedly 
thickened intima containing a loose proliferation of bland spindle cells. 
The internal elastic lamina is intact, and arteriosclerotic changes are 
absent. In contrast to Fig. 4.28, there are medial changes of extreme 
thinning with adventitial fibrosis. van Gieson elastic stain 


Fig. 4.30 Medial fibromuscular dysplasia with aneurysms. This 
resected segment of renal artery shows the most common form of 
fibromuscular dysplasia: medial fibromuscular dysplasia with aneu- 
rysms. This bisected artery shows areas of extremely thinned media 
(the “aneurysms”) alternating with ridges of extremely thickened 
media 
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Fig. 4.31 Medial fibromuscular dysplasia with aneurysms. In the 
medial form of fibromuscular dysplasia with aneurysms, there is marked 
thickening of the media that then quickly attenuates, bringing the inter- 
nal and external elastic lamina in opposition, creating the so-called 
aneurysm. This creates a string-of-pearls appearance on angiogram 


Fig. 4.32 Medial fibromuscular dysplasia with aneurysms. Trichrome 
staining reveals the peculiar medial smooth muscle alterations charac- 
teristic of this lesion. Note the alternating thickening and extreme atten- 
uation of the media. The smooth muscle cells vary in density and 
orientation, and there is a thick band in fibrous tissue along the inner 
aspect of the media. Masson trichrome stain 
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Fig. 4.33 Medial fibromuscular dysplasia with aneurysms. Elastic 
staining demonstrates the alternating thickening and extreme attenua- 
tion of the media. To the left, the medial smooth muscle cells are com- 
pletely absent, resulting in opposition of the internal and external elastic 
laminae. Movat elastichrome stain 


Fig. 4.35 Perimedial fibromuscular dysplasia. In the perimedial form, 
there also is medial thickening. However, the striking abnormality— 
best demonstrated on Masson trichrome stain—is the band-like fibrosis 
of the external aspect of the media 


Fig. 4.34 Medial fibromuscular dysplasia with aneurysms. This image 
shows that the intimal layer remains thin and unaffected, whereas the 
media shows one zone of extreme attenuation on the left and a second 
area of modest attenuation on the right. Movat elastichrome stain 
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Fig. 4.36 Adventitial fibromuscular dysplasia. This is the least com- 
mon form of fibromuscular dysplasia. The intima is normal; the media 
is essentially normal although somewhat distorted because of the kel- 
oid-like dense adventitial fibrosis that restricts arterial expansion with 
systole 
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4.3 Renal Artery Dissection 


Dissection of the renal artery refers to arterial disruption 
with creation of a false vascular channel. The false channel is 
usually along the medial—adventitial interface. The dissec- 
tion results in acute onset of severe hypertension associated 
with flank pain and hematuria. The most common cause of 
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renal artery dissection is extension from an initial aortic dis- 
section. Other causes include: 

* Fibromuscular dysplasia 

* Blunt abdominal trauma 

e Catheter injury 

* Spontaneous or idiopathic causes 


Fig.4.37 Renalartery dissection. This is an example of iatrogenic dis- 
section following renal artery angioplasty. A nephrectomy was neces- 
sary because secondary malignant hypertension developed. The media 
in each of the three renal artery cross-sections is completely collapsed 
and displaced to one edge. The media is the pale U-shaped structure 
within the thrombosed cross-sections (see also Fig. 4.38). The dissec- 
tion is at the medial-adventitial interface 
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Fig. 4.38 Renal artery dissection. Elastic staining of the case in 
Fig. 4.37 clearly delineates the location of the dissection at the medial- 
adventitial interface. The artery otherwise looks completely normal. 
The patient developed a hypertensive crisis, and immediate nephrec- 
tomy was necessary. van Gieson elastic stain 


Fig.4.39 Renalartery dissection. The dissection not only involved the 
main renal artery, but also propagated to involve interlobar arteries 
(shown here), and arcuate and interlobular arteries. The renal paren- 
chyma appears unaffected, but this would not be the case for long had 
nephrectomy not been performed. van Gieson elastic stain 
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Fig.4.40 Renal artery dissection. In this case of main renal artery dis- 
section, the dissection was spontaneous. This image captures the site of 
the intimal disruption (arrow). The dissection again is at the medial— 
adventitial interface. Because the dissection involved only the main 
renal artery and had not yet occluded it completely, the renal artery 
could be removed and nephrectomy was not necessary. Movat elas- 
tichrome stain 


Fig.4.41 Renal artery dissection. This is a case of intimal fibromuscular 
dysplasia with an apparently healed dissection at the intimal—medial 
interface. The internal elastic lamina has been folded back on the mark- 
edly thickened intima, which has been encased during the dissection 
process. Movat elastichrome stain 
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4.4 Renal Artery Aneurysm 

Renal artery aneurysms are rare. They may be congenital 
true aneurysms or complicated fibromuscular dysplasia, or 
may represent an acquired false aneurysm secondary to 
trauma. They may involve the main renal artery or intrarenal 
branches. Most are small and asymptomatic. Large aneu- 
rysms are potentially serious. They may thombose, resulting 
in infarction and hypertension, may dissect, or may rupture, 
which may be catastrophic. 


Fig. 4.42 Renal artery aneurysm complicating fibromuscular dyspla- 
sia. This bisected artery shows medial fibromuscular dysplasia with 
aneurysms. In addition, there is a true aneurysm with an extremely thin 
wall, a significant concern in a patient with hypertension 


Fig. 4.43 Renal artery aneurysm. This example of renal artery aneu- 
rysm affecting the main renal artery developed without a known cause. 
It shows bulbous aneurysmal expansion with attenuation of the media. 
Aside from mild intimal thickening, the uninvolved portions of the 
native artery had no significant abnormality. Movat elastichrome stain 
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Fig. 4.44 Renal artery aneurysm. This image shows the interface 
between the unaffected renal artery and the aneurysm to the right. Aside 
from medial attenuation, there are no diagnostic arterial changes to 
indicate the underlying etiology of this lesion. Movat elastichrome 
stain 
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Renal Cholesterol Microembolism 
Syndrome 


4.5 


Cholesterol embolization may occur on a macroscopic scale, 
resulting in renal infarcts (discussed later), or may involve 
the microvasculature, resulting in acute renal failure. The lat- 
ter often is associated with a systemic disease referred to as 
cholesterol microembolism syndrome. In renal cholesterol 
microembolism syndrome, there is embolization of thou- 
sands of tiny cholesterol crystals that lodge in small renal 
arteries, arterioles, and glomerular capillaries. Extrarenal 
involvement is typical with gastrointestinal, cutaneous, and 
other sites of involvement. Patients paradoxically have an 
elevated peripheral blood eosinophil count, which often elic- 
its concern for an allergic cause of renal failure. They also 
often have a low serum complement level and may have 
slight proteinuria. 


Fig. 4.45 Renal artery aneurysm secondary to intimal fibromuscular 
dysplasia. In this case, there was extensive intimal-type fibromuscular 
dysplasia affecting numerous intrarenal arteries. This interlobar artery 
shows a complex aneurysm as it enters the renal parenchyma. Only a 
small remnant of the host artery is visible in the upper left. Most of the 
artery is massively expanded, with extensive portions of its wall 
destroyed. The lumen has thrombosed and is now partially recanalized. 
van Gieson elastic stain 
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Fig. 4.46 Renal cholesterol microembolism. This small terminal inter- 
lobular artery contains a recent and a remote cholesterol embolus. The 
recent embolus is within the lumen and surrounded by red cells and 
fibrin, and has a cellular response, likely histiocytes. The remote 
embolus (top left) is much smaller and has been incorporated into the 
thickened fibrous intima 
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Fig. 4.47 Renal cholesterol microembolism. In this case of cholesterol 
microemboli within a small interlobular artery, there is a multinucleated 
giant cell reaction to the cholesterol crystals. The crystals appear to be 
extending through the arterial wall into the interstitium on the left 
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Fig. 4.48 Renal cholesterol microembolism. This arteriole contains a 
cholesterol crystal, which is distorting the contour of the arteriole 
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Fig. 4.49 Renal cholesterol microembolism. This cholesterol embolus 
has lodged in the afferent arteriole of the glomerulus and extends 
slightly into the tuft. Smaller crystals occasionally may be observed 
within glomerular capillaries. PAS stain 
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4.6 Renal Embolic Diseases and Infarcts 


All renal arteries are end arteries. Therefore, occlusion of 
any artery will result in infarction of the tissue it supplies. 
The larger the artery, the larger the zone of infarction. Small 
infarcts usually are asymptomatic, whereas larger ones may 


Fig. 4.50 Acute infarcts. This kidney shows multiple acute cortical 
and medullary infarcts of considerable size. Note their characteristic 
pale color and sharp delineation. In this case, arcuate arteries or large 
arteries were occluded because interlobular arteries do not supply the 
renal medulla 


Fig.4.51 Acute infarct. This acute infarct involves both the cortex and 
part of the medulla, implicating one or more arcuate arteries. Note the 
characteristic wedge shape of the cortical portion of the infarct 
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result in flank pain, hematuria, and hypertension. Large 
bilateral infarcts may result in renal failure. Atherosclerotic 
vascular disease involving the abdominal aorta is the most 
common cause of renal infarcts. Cardiac vegetations, cardiac 
mural thrombi, and, rarely, atrial myxoma are additional 
causes. 


Fig. 4.52 Cholesterol macroemboli. The most common cause of renal 
infarcts is atheroembolic disease with an aortic source of the atheroem- 
boli. This image shows an arcuate artery completely occluded by a 
combination of fibrointimal thickening and acingulate clefts represent- 
ing remote cholesterol embolization 


Fig. 4.53 Acute bacterial endocarditis. The heart is the second most 
common source of embolic material, either in the form of a mural 
thrombus or vegetations in patients with valvular disease. This example 
of bacterial endocarditis with embolization of an infected vegetation 
resulted in both acute infarcts and hematogenous pyelonephritis. The 
image shows a proximal interlobular artery containing eosinophilic 
vegetation material, which is rimmed by bacteria that cannot be seen at 
this magnification. Half the arterial wall is necrosed with adjacent 
abscess 
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Fig. 4.54 Atrial myxoma embolization. This arcuate artery contains 
loose paucicellular myxoid tissue typical of an atrial myxoma. Although 
the artery appears occluded, there was no distal renal infarction, indi- 
cating that blood flow was not totally compromised 
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Fig.4.55 Acute infarct. The definition of an acute infarct is necrosis of 
both tubules and glomeruli. If the glomeruli are intact and only the 
tubules are necrotic, then acute tubular necrosis is the correct designa- 
tion. This infarct shows coagulation necrosis of both glomeruli and 
tubules. There is no inflammation because there is no blood flow 
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Fig. 4.56 Acute infarct. In the acute infarct shown here, there is coag- 
ulation necrosis on the right with a rim of subcapsular sparing, and 
preserved parenchyma on the left. This was a terminal event, so an 
inflammatory response has not occurred 


Fig.4.57 Acute infarct. This image shows the edge of an acute infarct. 
There is coagulation necrosis of both tubules and a glomerulus toward 
the center of the lesion. There is prominent hemorrhage, and a brisk 
neutrophilic inflammatory reaction is in progress toward the interface 
with the noninfarcted cortex, which is not shown 


66485457-66963820 


4.6 Renal Embolic Diseases and Infarcts 


b A 
a 5 


ete Be 
Er E 
Fig. 4.58 Acute infarct. Commonly, a rim of subcapsular sparing over- 


lies an acute infarct. This results from a modest capsular-derived arte- 
rial flow that supplies the most superficial cortex 


Fig. 4.59 Acute infarct. This small cortical infarct in a renal biopsy 
specimen shows coagulation necrosis of tubules and glomeruli with 
interstitial hemorrhage. The small size of the infarct implicates an inter- 
lobular artery occlusion 
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Fig. 4.60 Remote infarcts. This kidney has a delicate subcapsular 
granularity, indicating mild hypertensive nephrosclerosis. In addition, 
there are multiple shallow depressions representing remote infarcts. 
The small size of most of the lesions likely implicates interlobular 
artery occlusion 


Fig. 4.61 Remote infarcts. This kidney has coarse subcapsular granu- 
larity of hypertensive nephrosclerosis and multiple remote infarcts. One 


infarct is much larger than the infarcts in Fig. . This large infarct 
involves a large portion of a renal lobe; thus, it likely represents at least 
an arcuate caliber arterial occlusion 
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Fig. 4.62 Remote infarcts. Several large depressed gray-white scars 
markedly distort the subcapsular surface. These large infarcts likely 
result from interlobar arterial occlusions 


Fig. 4.63 Multiple atherosclerotic lesions. Patients with hypertension 
and atherosclerotic vascular disease typically have a combination of 
renal vascular lesions. This example shows kidneys with a granular sur- 
face of hypertensive nephrosclerosis. There also are multiple sharply 
depressed lesions representing remote infarcts, likely cholesterol embo- 
lic in nature. Note also the twin main renal arteries supplying the right 
kidney (left). The left kidney is smaller than the right because of main 
renal artery stenosis 


Fig. 4.64 Remote infarct. Shown is the histologic appearance of a 
remote infarct. There are pale rounded structures, the glomeruli, with 
no residual cellular or nuclear features and no associated inflammation. 
The infarcted nephron elements are packed closely, with little intersti- 
tial space. The loss of tubular volume results in the depressed lesions 
noted on gross examination 
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Fig. 4.65 Remote infarct. Glomeruli and tubules in a remote infarct 
appear as ghostlike remnants. They consist solely of collapsed residual 
basement membrane material with no or only rare residual nuclei 


Fig. 4.66 Remote infarct. Basement membrane staining, as performed 
in this PAS-stained specimen, allows recognition of basic nephron 
structures. Bowman's capsules are visible, each containing a collapsed 
glomerular tuft and mesangial matrix remnants. In contrast to ischemic 
obsolescence (see Fig. 4.9), there is no collagen within Bowman's 
space. The residual tubular basement membranes appear as tiny irregu- 
lar elongated PAS-positive structures between the rounded glomerular 
remnants 


66485457-66963820 


4.7 Renal Papillary Necrosis 


Fig. 4.67 Remote infarct. This image shows the interface between a 
remote infarct and viable cortex. Between the infarcted glomeruli and 
the normal cortex is a thin zone of glomeruli showing ischemic obsoles- 
cence. These represent irreversibly injured nephrons that were not 
abruptly infarcted. There also is severe arteriosclerotic vascular disease. 
The arteries should be examined for embolic material, especially cho- 
lesterol emboli. None are visible in this image 
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4.7 Renal Papillary Necrosis 
Necrosis of all or portions of the renal pyramids is known as 
renal papillary necrosis.. There are several major causes of 
renal papillary necrosis, as listed below. Often patients have 
more than one risk factor. Because the central portions of the 
renal pyramids have the most marginal blood supply, small 
infarcts usually affect this region. More severe ischemic 
injury may result in infarction of most, or all, of the pyramid. 
When papillary necrosis is severe and bilateral, it is a devas- 
tating disease that usually leads to death 

Causes of renal papillary necrosis include: 
* Diabetes mellitus 
* Urinary tract obstruction 
* Acute pyelonephritis 
* Analgesic abuse 
e Sickle cell disease 
* Hypoxia 
* Dehydration 
* Combination (55 96) 


Fig. 4.68 Acute renal papillary necrosis. This kidney shows a renal 
pyramid with papillary necrosis. Note the yellow linear lesions in the 
central portion of the inner medulla; this is the zone with the most mar- 
ginal blood supply. The overlying cortex appeared normal (Photograph 
courtesy of Dean Hawley, MD, Department of Pathology, Indiana 
University School of Medicine) 
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Fig. 4.69 Acute renal papillary necrosis. This is an example of diffuse 
renal papillary necrosis that developed in a diabetic patient. The process 
was bilateral and resulted in the patient’s death. In addition to necrosis 
of the entire compound pyramid on the right, there also is sloughing of 
two pyramids on either side of it. Sloughed renal pyramids occasionally 
are detected in the urine of affected patients 


Fig. 4.70 Remote renal papillary necrosis. This image shows a hydro- 
nephrotic kidney with diffuse papillary necrosis in most pyramids lim- 
ited to the inner medulla or papillae. The necrotic regions appear pale 
yellow. Because the papillae contain the terminal confluence of the 
medullary collecting ducts, all nephrons in the affected lobes can no 
longer function and will undergo atrophy 
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Fig. 4.71 Acute renal papillary necrosis. This image shows papillary 
necrosis in a renal transplant biopsy sample. There is coagulation necro- 
sis of the tubules in the papillae. The process is acute, and no appre- 
ciable inflammatory reaction has occurred. The overlying cortex was 
not infarcted 


Fig. 4.72 Acute papillary necrosis. This renal biopsy specimen also 
shows papillary necrosis. There is coagulation necrosis in the center, 
with an adjacent exuberant neutrophilic response. This patient had 
lower urinary tract obstruction and developed acute pyelonephritis as 
initiating factors 
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Fig. 4.73 Remote papillary necrosis in a sickle cell anemia patient. 
This patient with sickle cell anemia developed a clear cell renal cell 
carcinoma. The nephrectomy kidney contained several renal pyramids 
with centrally located remote medullary infarcts. The infarcts were 
sclerotic, as shown here, with central cavitation. This was an unsus- 
pected finding 


Fig. 4.74 Remote renal papillary necrosis. This renal pyramid in an 
autopsy kidney from a patient with severe diabetic nephropathy shows 
a remote infarct of the central medulla and papillary tip that has under- 
gone dystrophic calcification and osseous metaplasia 
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4.8 Renal Cortical Necrosis 
Renal cortical necrosis is an ominous complication that may 
develop in patients with a variety of serious underlying dis- 
eases. Although it is referred to as renal cortical necrosis, 
renal medullary necrosis also exists. It usually is bilateral but 
may be unilateral in patients with unilateral injury to the 
main renal artery. Only the gross is illustrated here, because 
the histology is identical to that of acute renal infarction. 
Causes of renal cortical necrosis include: 
* Obstetric complications 
Abruptio placentae 
Septic abortion 
Intrauterine fetal demise 
* Infections 
— Sepsis 
— Peritonitis 
* Burns 


| 
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* Gastrointestinal hemorrhage 
* Transfusion reactions 

* Toxins 

* Hemolytic uremic syndrome 
* Trauma 

* [atrogenic causes 


Fig. 4.75 Renal cortical necrosis. This unfixed autopsy kidney shows 
diffuse cortical and medullary necrosis. The contralateral kidney was 
similarly affected. The parenchyma is soft and pale, the cortex more so 
than the medulla, although both were necrotic. This was a complication 
of septic abortion 


66485457-66963820 


170 


Fig. 4.76 Renal cortical necrosis. In this example of renal cortical 
necrosis, although the outer cortex is pale with a hyperemic rim along 
the inner cortex and the outer medulla, the entire kidney was histologi- 
cally necrotic 


Fig. 4.77 Renal cortical necrosis. If blood flow is reestablished fol- 
lowing renal cortical necrosis, hemorrhage into the parenchyma may 
ensue. This is a pediatric case in which there was sepsis with hypoten- 
sive shock. Re-establishment of the blood flow prior to death resulted in 
the severely hemorrhagic appearance of the kidneys at autopsy 
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4.9 Renal Artery Thrombosis 

Renal artery thrombosis is a very rare event, usually a com- 

plication of trauma, extrinsic or iatrogenic. Renal artery 

thrombosis may be unilateral or bilateral, and may be associ- 

ated with concomitant aortic thrombosis. Renal infarction 

results, with severe hypertension, hematuria, and flank pain. 
Causes of renal artery thrombosis include: 

* Umbilical artery catheters in neonates 

* Blunt abdominal trauma 

e Intra-aortic balloons 

e Renal transplantation 

* Electrical injury 


Fig. 4.78 Thrombosed arterial graft. This nephrectomy was performed 
in a young adult female with fibromuscular dysplasia of the renal artery. 
An arterial graft was placed, which thrombosed soon after surgery. The 
kidney was deemed not salvageable. The thrombosis propagated into 
the intrarenal arterial tree 
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Fig. 4.79 Thrombosed arterial graft. This cross-section from the graft 
shown in Fig. 4.78 shows complete luminal thrombosis 
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Fig. 4.80 Aortic and bilateral renal artery thrombosis. Shown here is 
an example of combined aortic and left renal artery thrombosis. This 
was a traumatic complication of a motor vehicle accident 
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4.10 Renal Vein Thrombosis 
and Renal Venous Thrombosis 


Renal vein thrombosis most often is a complication of a 
hypercoagulable state that occurs in some patients with 
severe nephrotic syndrome. The strongest association is with 
membranous glomerulopathy. Patients with renal vein throm- 
bosis may present with flank pain and hematuria, as well as 
nephrotic syndrome and renal failure if bilateral. Pulmonary 
embolism is a potential serious complication. Renal histo- 
logic findings are few, but interstitial edema marginating 
neutrophils within dilated capillaries and bland thrombi may 
be present. 

Renal venous thrombosis involves the intrarenal veins, 
such as arcuate and interlobular veins, not the main renal 
vein. Pediatric patients are most often affected, and like renal 
cortical necrosis, it usually is a complication of a serious sys- 
temic disease. 


Fig. 4.81 Renal vein thrombosis. This image shows thrombosis of the 
main renal vein. There also is thrombosis of several tributaries, includ- 
ing several lobar veins and possibly even more proximal veins 
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Fig. 4.82 Renal venous thrombosis. This image is from an autopsy in 
a newborn with renal venous thrombosis. Every cortical vein contained 
thrombi. The venous location of the thrombi may be difficult to appreci- 
ate because cortical veins lack a smooth muscle media and resemble 
large-caliber capillaries. Proximity to an artery, as in this case, is help- 
ful in recognizing the structure as venous in nature 
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Fig. 4.83 Renal venous thrombosis. This image shows thrombi in two 
dilated veins. Within the thrombi are a few inflammatory cells. 
Organization has not occurred. Note the absence of glomerular throm- 
bosis. The main renal vein was not involved 
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Fig.4.84 Renal venous thrombosis. This thrombosed vein is recogniz- 
able as such because its endothelial cell lining is visible. Notice also 
that it is located adjacent to an artery supporting the venous location of 
the thrombus. Masson trichrome stain 
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4.11 Arteriovenous Malformation 
and Arteriovenous Fistula 


Direct communication between an artery and a vein may be 
congenital (arteriovenous malformation) or acquired (arte- 
riovenous fistula). Both are associated with acute renal fail- 
ure, high-output heart failure, and risk of sudden death from 
rupture. 


Fig. 4.85 Arteriovenous malformation. In this example of an arterio- 
venous malformation presenting in a young adult, two major vessels are 
apparent: one is arterial and one is venous; each has aneurysmal dilata- 
tions. Their blood flow was directly connected. Not apparent in this 
photograph are multiple smaller vessels located within the hilum that 
also had additional channels of communication 


Fig. 4.86 Arteriovenous fistula. This arteriovenous fistula from a renal 
transplant consists of several tortuous large arteries and thick-walled 
veins. This may be a renal biopsy—associated complication because the 
patient had undergone prior biopsy 
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Causes of arteriovenous fistula include: 
* Surgical injury 
* Needle biopsy 
* Penetrating injury 
* Neoplasia 
* Arterial aneurysm erosion 
* Inflammation 


Fig. 4.87 Arteriovenous fistula. In this image from the specimen 
shown in Fig. 4.86, the arterial component is shown on the left lower 
aspect whereas the venous component is shown on the right upper 
aspect. Although the vein has a thickened wall and is becoming arterial- 
ized, the differing organization of its medial smooth muscle helps dis- 
tinguish it from an artery 
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4.12 Vasculitis 


Renal vasculitis or renal arteritis may be renal limited or part 
of a systemic vasculitis syndrome. Typically when vasculitis 
affects the kidney, glomerular involvement predominates, 
with development of a crescentic glomerulonephritis (dis- 
cussed in detail in Chap. 6). The proper classification of a 
patient with vasculitis often is challenging because there is 
clinical and histologic overlap between the most common 


Table 4.1 Chapel Hill classification of systemic vasculitis 


Large-vessel vasculitis 
Giant cell arteritis 
Takayasu arteritis 

Medium-sized-vessel vasculitis 
Polyarteritis nodosa 
Kawasaki disease 

Small-vessel vasculitis 
Granulomatosis with angiitis (Wegener’s granulomatosis) 
Churg-Strauss granulomatosis 
Microscopic polyangiitis 
Henoch-Schónlein purpura 
Cryoglobulinemic vasculitis 
Cutaneous leukocytoclastic angiitis 


Fig. 4.88 Microscopic polyangiitis. On gross examination, the kidney 
affected by necrotizing vasculitis may have a “flea-bitten” appearance 
as a result of numerous foci of hemorrhagic necrosis, similar to what 
may be seen in malignant hypertension. This autopsy case shows small 
hemorrhagic foci in the cortex representing necrotic arteries with adja- 
cent hemorrhage (see Fig. 4.89) 
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entities. The classification schema most commonly used is 
the Chapel Hill Classification (Table 4.1), which contains 
most but not all vasculitic entities. Four types of arteritis are 
illustrated here: microscopic polyangiitis (most common 
member of this group), polyarteritis nodosa (very uncom- 
mon, affecting arteries of arcuate caliber or larger), granulo- 
matosis with angiitis (previously known as Wegener’s 
granulomatosis), and a very rare entity, isolated giant cell 
arteritis. 


Fig. 4.89 Microscopic polyangiitis. This case of microscopic poly- 
angiitis shows three interlobular arteries with transmural fibrinoid 
necrosis. There is a cuff of inflammatory cells that includes frequent 
neutrophils. No crescentic glomerular lesions were present 


Fig. 4.90 Microscopic polyangiitis. This artery shows circumferential 
transmural fibrinoid necrosis of an interlobular artery. Fibrin has 
obscured the arterial wall and extends into the interstitium. Many neu- 
trophils are present, admixed with mononuclear inflammatory cells. 
Diffuse crescentic glomerulonephritis was also present, the more com- 
mon renal manifestation of this disease 
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Fig. 4.91 Polyarteritis nodosa. Shown is an arcuate artery showing 
necrotizing arteritis with complete destruction of the arterial wall, that 
is, transmural fibrinoid necrosis, demonstrated clearly in this Jones 
methenamine silver-stained specimen. A few remnants of the adventi- 
tial elastic fibers are visible at the edge of the fibrinoid material. There 
is early organization or healing in the lower left, a typical feature of 
polyarteritis nodosa 


Fig. 4.93 Granulomatosis with polyangiitis (Wegener’s granulomato- 
sis). In this example of arteritis in a patient with granulomatosis with 
polyangiitis, the artery is inflamed with both neutrophils and multinu- 
cleated giant cells. Although severely damaged, fibrinoid necrosis is not 
present. This was associated with diffuse crescentic glomerulonephri- 
tis, the more common manifestation of this disease in the kidney 


Fig. 4.92 Polyarteritis nodosa. This is an example of polyarteritis 
nodosa with necrotizing lesions restricted to arcuate arteries. This arcu- 
ate artery also shows both acute and chronic lesions. There is fibrinoid 
necrosis at the lower left. The rest of the arterial wall is undergoing a 
fibroblastic reparative response. However, this artery cannot normalize 
its structure 
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Fig. 4.94 Isolated giant cell arteritis. In this patient with organ-iso- 
lated granulomatous arteritis, there was no evidence of extrarenal dis- 
ease or glomerular involvement. The antineutrophil cytoplasmic 
antibody studies were negative. Note that granulomatous inflammation 
forms a cuff around the central artery but curiously there is no apparent 
arterial damage, such as fibrinoid necrosis or thrombosis, by the granu- 
lomatous reaction. Every artery in the biopsy was similarly affected. 
Jones methenamine silver stain 
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Renal Transplantation 


Renal transplantation had its origins in Boston in the 1950s, 
when Dr. Joseph Murray performed the first successful renal 
transplant between identical twins in 1954. In 1955, Hume 
et al. reported on the first nine patients who received a renal 
allograft. This publication is the first to document the gross 
and microscopic features of unchecked acute rejection, 
which they illustrated in extensive detail. The choice of graft 
placement—the inner thigh, as noted in Fig. 5.1—also is 
interesting by today's standards. 

Renal allograft biopsy evaluation is a mainstay in the 
management of renal transplant dysfunction today. There are 
numerous potential causes of allograft dysfunction to be 
considered when reviewing a biopsy, including transplant 
surgery-associated injury, allograft rejection, therapy-asso- 
ciated injury, immunosuppression-associated complications, 
and the spectrum of diseases that may affect a native kidney. 
Transplant biopsy reporting uses the Banff diagnostic scor- 
ing system, which provides information regarding the type of 
rejection, the intensity of rejection, and the presence of long- 
term changes. The specific therapeutic strategy is directly 
linked to this information. 

The Banff diagnostic scoring system was originally for- 
mulated in the early 1990s and has undergone a series of 
biannual updates. The version currently in use is listed in 
detail, accompanied by several tables that provide the key 
scoring elements and their semiquantification. The most 
important features to be scored include the degree of tubuli- 
tis, the extent of interstitial inflammation, the presence of 
intimal arteritis, and C4d staining of peritubular capillaries. 
Additional scoring categories include inflammation within 
glomeruli and peritubular capillaries, as well as a variety of 
chronic changes, such as chronic transplant glomerulopa- 
thy, arterial fibrointimal thickening, arteriolar hyalinosis, 
tubular atrophy, and interstitial fibrosis. The original Banff 
reports and several excellent book chapters on the topic are 
cited in the bibliography for those interested in more 
detail. 

There are two main immunologic rejection pathways: 
T-cell-mediated rejection and antibody-mediated rejection. 


S.M. Bonsib, Atlas of Medical Renal Pathology, Atlas of Anatomic Pathology, 


Both forms may occur together. Within each category are 
several types, as noted in Table 5.2. 


Fig. 5.1 First series of renal transplantation. This is a retrograde pyel- 
ogram of a transplanted kidney from the first series of renal transplanta- 
tion reported by Hume et al. in 1955, who described their experience 
with transplantation in nine patients. Notice the graft location—the 
inner thigh—a location that facilitated study of the graft and its function 
(From Hume DM, Merrill JP, Miller BE, Thorn GW. Experiences with 
renal homotransplantations in the human: report of nine cases. J Clin 
Invest. 1955;34:327-82; with permission) 
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Fig.5.2 Renal allograft with native kidneys. This autopsy specimen shows 
the typical location of a renal allograft placement. The graft is located in 
the pelvis, and its vascular supply usually derives from the iliac arteries and 
veins. The white stent in the bladder marks the entry of the allograft ureter 


Table 5.1 Banff 2009 update of Banff 1997 renal allograft diagnostic 
scoring 
1. Normal 


2. Antibody-mediated changes (may coincide with categories 3, 4, 5, 
and 6) 


C4d deposition and circulating antidonor antibodies without 
evidence of acute or chronic changes 


Acute antibody-mediated rejection—Trequires the following: 
C4d+ stain 


Morphologic evidence of acute tissue injury (see I-III 
below) 


Circulating antidonor antibodies present 
I. ATN-like with minimal inflammation 
IL Capillary, arterial/arteriolar, and/or glomerular 
inflammation, and/or thrombosis 
III. Arterial —v3 


Chronic active antibody—mediated rejection—requires the 
following: 


C4d+ stain 


Morphologic evidence of chronic tissue injury (see I-IV 
below) 


Circulating antidonor antibodies present 


I Glomerular double contours (chronic transplant 
glomerulopathy) 


IL Peritubular capillary multilayering (electron microscopy 
finding) 


III. Fibrointimal thickening of arteries 
IV. Interstitial fibrosis/tubular atrophy 
3. Borderline changes/suspicious for acute T-cell-mediated rejection 
Tubulitis and mild inflammation (t1, t2, or t3 and iO, or il) 


Mild tubulitis and moderate to severe interstitial inflammation 
(tl and i2, or 13) 


www.ketabpezeshki.com 


5 RenalTransplantation 


Table 5.1 (continued) 


4. Acute T-cell-mediated rejection 

IA. Significant interstitial inflammation and moderate 

tubulitis (12, or 13 and t2) 

IB. Significant interstitial inflammation and severe tubulitis 

(12, or i3 and t3) 
Mild to moderate intimal arteritis (v1) 

IIB. Severe intimal arteritis (v3) 

IIl. Transmural arteritis and/or fibrinoid necrosis (v3) 
Chronic active T-cell-mediated rejection/chronic transplant 
arteriopathy 

Arterial fibrointimal thickening and inflammation with neointima 

5. Interstitial fibrosis and tubular atrophy, no specific etiology 

I. Mild: «25 % cortical area 

Il. Moderate: 26—50 % cortical area 

Ill. Severe: >50 % cortical area 

6. Other nonrejection-associated injuries and complications 

A. Acute tubular injury 

B. Drug toxicities 

Calcinuerin inhibitor toxicities 

mTOR inhibitor toxicities 

Antiviral tubular toxicities 

Drug-associated acute tubulointerstitial nephritis 
C. Infections 

BK polyomavirus 

Cytomegalovirus 

Adenovirus 

D. De novo and recurrent diseases 

E. Allograph rupture 

F. Posttransplant lymphoproliferative disorders 

Epstein-Barr virus related 
Non-Epstein-Barr virus related 
Tubulitis score (mononuclear cells inside tubular basement membrane) 
t0: none 
t1: foci with 1—4 cells/tubular cross-section or 10 tubular cells 
t2: foci with 4—10 cells/tubular cross-section or 10 tubular cells 


t3: foci with >10 cells/tubular cross-section or 10 tubular cells (or two 
foci of tubular basement membrane destruction and t2 and i2 or i3) 


Interstitial inflammation score (excludes subcapsular zone and 
fibrotic areas) 


10: «10 96 of cortex 

il: 10-25 % of cortex 

12: 26-50 % of cortex 

13: <50 % of cortex 
Intimal arteritis score (mononuclear cells beneath endothelium or 
within media) 

vO: no intimal arteritis/arteriolitis 


vl: intimal arteritis/arteriolitis «25 % lumen (minimum | cell, 
1 artery/arteriole) 


v2: intimal arteritis/arteriolitis >25 % lumen 


v3: transmural arteritis/arteriolitis and/or fibrinoid necrosis 
(necrosis of smooth muscle) 


C4d score (46 of peritubular capillaries with C4d scored in at least 
5 high-power frames) 


C440: 0 96 
C4d1: 1-9 96 
C442: 10-50 % 
C4d3: >50 96 
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5.1 Antibody-Mediated Rejection 


Table 5.2 Transplant rejection 


Antibody mediated 
Hyperacute 
Acute antibody mediated (acute humoral) 
Chronic antibody mediated (chronic humoral) 
T-cell mediated 
Acute T-cell mediated (acute cellular) 
Type I tubulointerstitial 
Type II endotheliitis/endarteritis 
Type III arterial transmural inflammation/fibrinoid necrosis 
Chronic T-cell mediated 


Type I tubulointerstitial with tubular atrophy and interstitial 
fibrosis 


Type II arteriopathy with intimal fibrosis 
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5.1 Antibody-Mediated Rejection 


5.1.1 Hyperacute Rejection 

Hyperacute rejection is an antibody-mediated process in 
which preexisting antidonor antibodies are present in the 
recipient’s circulation at the time of graft placement. 
They usually are antidonor antibodies directed against ABO 
blood group antigens or HLA class I or II antibodies. 
The antibodies bind immediately to graft endothelium, acti- 
vate complement and platelets, and recruit neutrophils, lead- 
ing to thrombosis and immediate graft loss. Hyperacute 
rejection is not separately identified in C4d-associated anti- 
body-mediated rejection in the Banff scoring system. 
Although today hyperacute rejection is largely of historical 
interest, two cases are illustrated here. The author’s last case 
was encountered back in the 1980s. 
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Fig. 5.3 Hyperacute rejection. This timesO0 biopsy specimen was 
obtained within minutes after completion of the vascular anastomoses. 
The graft was perfused and then became soft and dusky appearing, so a 
biopsy was performed. The glomerular capillaries contain numerous 
neutrophils. Neutrophils also are present in the peritubular capillaries 
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Fig. 5.4 Hyperacute rejection. This image from the case in Fig. 5.3 


shows numerous neutrophils lining every peritubular capillary. At this 
point, thrombosis is not apparent and necrosis has not occurred 


Fig. 5.5 Hyperacute rejection. Direct immunofluorescence using a 
fluorescence-conjugated antibody directed against the immunoglobulin 
M (IgM) heavy chain shows that IgM antibodies are bound to all glom- 
erular and peritubular capillary endothelia 
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Fig. 5.6 Hyperacute rejection. This example is from an allograft neph- 
rectomy performed several hours after vascular anastomoses were 
established. There are numerous neutrophils within glomerular and 
peritubular capillaries. Extensive necrosis has occurred, with wide- 
spread interstitial hemorrhage 


Fig. 5.7 Hyperacute rejection. This image from the case in Fig. 5.6 
shows coagulation necrosis of many tubular epithelial cells in addition 
to the diffuse interstitial hemorrhage and neutrophils. The diffuse hem- 
orrhage results from widespread peritubular capillary necrosis 
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Fig. 5.8 Donor-related disseminated intravascular coagulation (DIC). 
Glomerular capillary loop thrombosis in a timesO biopsy specimen does 
not always indicate hyperacute rejection. This case of DIC developed as 
a terminal complication in the donor. Once vascular anastomosis was 
completed, the widespread thrombosis already present mimicked 
hyperacute rejection with impaired graft perfusion and resulted in lack 
of urine production. The clue that this is not hyperacute rejection is the 
absence of neutrophils, which should be present by the time thrombosis 
has occurred. This is completely reversible, which occurred in this 
patient 
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5.1.2 Acute Antibody-Mediated Rejection 


Antibody-mediated rejection is a form of rejection more 
severe than the more common acute T-cell—mediated (acute 
cellular) rejection discussed later. It has poorer allograft sur- 
vival, requiring more aggressive therapy, often including 
plasmapheresis, and carries an increased risk of developing 
chronic changes compared with acute T-cell-mediated rejec- 
tion. Antibody-mediated rejection is recoginized by the dem- 
onstration of C4d along peritubular capillary endothelium. 
C4d is produced by activation of complement following anti- 
body-mediated injury. It covalently binds to peritubular cap- 
illary endothelium and is regarded as evidence of an 
antibody-mediated process, usually rejection. However, C4d 
may be present unassociated with allograft dysfunction, and 
it appears that humoral rejection may not always be medi- 
ated through a C4d-associated pathway. This is a rapidly 
evolving area of transplant immunology. There are several 
morphologic patterns of C4d-associated injury, but neutro- 
phils or mononuclear inflammation cells usually are present 
within dilated peritubular capillaries. The definitive proof of 
acute humoral rejection is demonstration of donor-specific 
antibodies in the pateint’s serum. 
Histologic patterns of acute antibody-mediated rejection 
are: 
1. Acute tubular injury-like with minimal inflammation 
2. Peritubular capillary, arteriolar, and/or glomerular 
inflammation and/or thromboses 
3. Arterial fibrinoid necrosis and/or transmural arteritis: 
Banff v3 rejection 
Definitive diagnosis requires the presence of the following: 
1. Morphologic evidence of tissue injury 
2. C4d+ peritubular capillaries 
3. Presence of circulating antidonor antibodies 
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Fig.5.11 Acute antibody-mediated rejection, Banff type 3 acute rejec- 
tion. This image shows arteriolar thrombosis and transmural fibrinoid 
necrosis (v3). The differential includes calcineurin inhibitor toxicity. In 
this case, the C4d was diffusely positive and antidonor antibodies were 


Fig. 5.9 Acute antibody-mediated rejection, acute tubular injury pat- — qetected, Calcineurin inhibitor levels were in the therapeutic range 
tern. This biopsy was performed several days post transplantation for 


delayed graft function. There is diffuse interstitial edema and mild 
acute tubular injury. No appreciable inflammation is present. However, 
diffuse peritubular capillary C4d staining was present 
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Fig. 5.12 Acute antibody-mediated rejection. Notice the diffuse stain- 
ing of the glomerular capillary loops, which occurs with or without 
antibody-mediated rejection. It does not qualify for C4d-associated 
Fig. 5.10 Acute antibody-mediated rejection, peritubular capillaritis humoral rejection and must be ignored. Notice also that the peritubular 
pattern. This biopsy specimen shows a dilated peritubular capillary con- capillaries are all stained with C4d. This supports the presence of anti- 


taining numerous mononuclear cells. In some cases, peritubular neutro- body-mediated rejection and must be followed by testing for donor- 
phils are a common finding. Arteriolar thrombosis (thrombotic — specific antibodies. Immunoperoxidase C4d stain 


microangiopathy) and acute cellular rejection were present in the cortex 
elsewhere. The C4d stain was diffusely positive 
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Fig. 5.13 Acute antibody-mediated rejection. There is strong peritubu- 
lar capillary endothelial staining, characteristic of C4d acute humoral 
rejection. The capillary loop staining must be distinct and circumferen- 
tial without luminal staining of serum, which is regarded as an artifact 
that may complicate C4d interpretation when immunoperoxidase tech- 
niques are used. Immunoperoxidase C4d stain 
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Fig. 5.14 Acute antibody-mediated rejection. Cortical tissue is not 
required to identify C4d-associated acute humoral rejection. Medullary 
tissue is suitable and will show a diffuse peritubular capillary staining 
pattern, similar to that of the cortex. Immunoperoxidase C4d stain 
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Fig. 5.15 Acute antibody-mediated rejection. Shown is an example of 
C4d stain by immunofluorescence. There is diffuse staining of peritubu- 
larcapillary endothelium, as previously illustrated. Immunofluorescence 
is regarded as a slightly more sensitive technique than the immunoper- 


oxidase method for demonstrating C4d humoral 
Immunofluorescence C4d stain 


rejection. 
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5.1.3 Chronic Antibody-Mediated Rejection 


In chronic antibody-mediated rejection, there are prominent 
changes in glomeruli, peritubular capillaries, and arteries. 
The glomeruli show mesangial expansion, often with mild 
hypercellularity, and capillary loop basement membrane 
duplication resulting in a double contour (so-called chronic 
transplant glomerulopathy). The latter often is widespread 
within the affected glomerulus. The overall appearance is 
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Fig.5.16 Chronic antibody-mediated rejection with chronic transplant 
glomerulopathy. There is a glomerular form of chronic vascular rejec- 
tion referred to as chronic transplant glomerulopathy. The glomerular 
changes mimic glomerulonephritis. There is mesangial matrix expan- 
sion with hypercellularity and diffuse capillary loop thickening, result- 
ing in a membranoproliferative pattern of injury. In contrast to 
membranoproliferative glomerulonephritis, however, no immune 
deposits are present on immunofluorescence or electron microscopy 
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that of a diffuse proliferative glomerulonephritis; however, 
immune complex deposition is absent, a finding that requires 
immunofluorescence evaluation. The interstitial peritubular 
capillary basement membranes show multilayering, a feature 
detectable only by electron microscopy. There also are 
chronic occlusive arterial changes with marked fibrointimal 
thickening and preservation of the internal elastic lamina. 
Intimal foam cells and mild intimal inflammation also may 
be present. 


Fig.5.17 Chronic antibody-mediated rejection with chronic transplant 
glomerulopathy. In chronic transplant glomerulopathy, there is impres- 
sive capillary loop basement membrane duplication. The basement 
membrane duplication is often more widespread than that encountered 
in membranoproliferative glomerulonephritis, as in this example. The 
new layer of basement membrane forms along the inner aspect of the 
capillary loops, presumably reflecting repeated episodes, or prolonged 
injury to capillary loop endothelium, with cycles of repair. Jones meth- 
enamine silver stain 
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Fig.5.18 Chronic antibody-mediated rejection with chronic transplant 
glomerulopathy. The cause of the capillary loop thickening is shown in 
this image. It results from marked expansion of the subendothelial 
space. A thin new layer of basement membrane has formed. The space 
in between in this example is largely empty, containing only pale 
flocculent material. There are no immune deposits or mesangial cell 
interposition as in most other types of injury with a membranoprolifera- 
tive pattern 


Fig. 5.19 Chronic antibody-mediated rejection with peritubular capil- 
lary basement membrane multilayering. Another characteristic finding 
in chronic antibody-mediated rejection affects the peritubular capillary 
basement membranes. Notice that in this image, the capillary basement 
membrane has six to eight distinct layers. The lumen contains a multi- 
layered platelet, which is somewhat analogous to the basement mem- 
brane duplication in chronic transplant glomerulopathy. This alteration 
likely results from repeated episodes of endothelial cell injury and 
repair, a postulate supported by the presence of a positive C4d stain 
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Fig. 5.20 Chronic T-cell-mediated rejection with chronic transplant 
arteriopathy. Chronic rejection is a process that targets arteries, result- 
ing in fibrointimal thickening and eventually leading to luminal occlu- 
sion. This image shows an interlobular artery in a chronically rejected 
allograft. There is severe fibrointimal occlusion. Other arteries showed 
mild intimal inflammation. The C4d stain was diffusely positive 
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5.2 T-Cell-Mediated Rejection 
5.2.1 Acute T-Cell-Mediated (Acute Cellular 


or Acute Tubulointerstitial) Rejection 


Acute T-cell-mediated rejection develops in 5-10 % of 
patients during the first year post transplantation. Patients 
present with renal failure and decreased urine output, as well 
as graft tenderness in severe cases. This is a T-cell-mediated 
process in which alloreactive T cells target HLA and non- 
HLA antigens present on tubular cells, and arteriolar, arte- 
rial, and glomerular endothelium. It may coexist with 
C4d-associated acute humoral rejection, chronic changes, 
and even calcineurin inhibitor effects. 


5.2.1.1 Type | T-Cell-Mediated Rejection 

In type I T-cell-mediated rejection, mononuclear cell inter- 
stitial infiltrates with interstitial edema are the prototypic 
findings. The interstitial inflammation may be associated 
with eosinophils and plasma cells. Neutrophils should be 
absent to infrequent. 

The hallmark of acute cellular rejection is infiltration of 
tubular epithelium by mononuclear cells, known as tubulitis. 
Acute tubular epithelial cell injury is observed, and the tubu- 
lar basement membrane may be disrupted. Glomerular 
inflammation, known as acute transplant glomerulitis, also 
may be present; however, this finding does not affect the 
Banff score. Type I T-cell-mediated rejection may coexist 
with acute humoral rejection, but inflammation of arteries 
and arterioles is absent. 


5.2.1.2 Type Il T-Cell-Mediated Rejection 

Type II T-cell-mediated rejection is characterized by vascu- 
lar involvement. There is endothelial cell enlargement with 
subendothelial mononuclear cells, known as endovasculitis 
or endotheliitis. Fibrin may be observed but is not required 
for the diagnosis. Endothelial cell necrosis may develop with 
luminal thrombosis. Only a single vessel need be involved to 
qualify for the type II designation. 


5.2.1.3 Type Ill T-Cell-Mediated Rejection 

Type III T-cell-mediated rejection is uncommon and usually 
resistant to all forms of therpay. It is characterized by trans- 
mural inflammation and /or fibrinoid necrosis. Interstitial 
hemorrhage is also often present. 
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Fig. 5.21 Type 1 acute T-cell-mediated (acute cellular) rejection. In 
acute cellular rejection, there is a widespread but variably distributed 
mononuclear cell infiltrate. The infiltrating cells expand the interstitium 
and infiltrate the tubules, a process known as tubulitis. Distal tubules are 
preferentially affected. In this case, there is extensive inflammation but 
only moderate tubulitis (t2) 


Fig. 5.22 Type I acute T-cell-mediated (acute cellular) rejection. 
Acute cellular rejection is a T-cell-mediated process. This example of 
CD3 staining for T cells demonstrates that T cells comprise the domi- 
nant population of infiltrating cells. C20-positive B cells are present but 
in much lower numbers. Although the T cells are primarily within the 
interstitial region and tubules, glomerular capillary loops also are 
involved in this case, a finding referred to as acute transplant glomeru- 
litis. Immunoperoxidase, CD3 stain 
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5.2 T-Cell-Mediated Rejection 


Fig. 5.23 Type I acute T-cell-mediated (acute cellular) rejection. The 
field shows the interstitial infiltrate, which is composed predominately 
of mononuclear cells, with a few plasma cells visible. Tubulitis is pres- 
ent, and the tubular epithelial cells have reactive nuclei 


Fig. 5.24 Type I acute T-cell-mediated (acute cellular) rejection. 
Tubulitis is the sine qua non of acute cellular rejection. This example 
shows severe tubulitis (t3). Notice that the tubule in the center contains 
a heavy infiltrate largely obscuring its detail. The tubular cells have 
enlarged reactive-appearing nuclei. In addition, there is interstitial 
inflammation and prominent interstitial edema 
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Fig. 5.25 Type I acute T-cell-mediated (acute cellular) rejection. 
Recognition of tubulitis is easiest with a basement membrane stain, 
such as periodic acid—Schiff (PAS) or silver stain; both also differen- 
tially stain the tubule cell nuclei and lymphocyte nuclei. The tubule cell 
nuclei are large and vesicular, whereas the lymphocyte nuclei are 
smaller and dark. The PAS stain in this sample clearly delineates the 
tubular basement membrane, allowing identification and counting of 
lymphoid cells on the inside 


Fig. 5.26 Type I acute T-cell-mediated (acute cellular) rejection. 
Similar to the image in Fig. 5.25, a silver stain will highlight the pres- 
ence of tubulitis by defining the limits of the tubular basement mem- 
brane and differentially staining the tubule cells (pale and large) and the 
nuclei of lymphocytes (small and dark). Jones methenamine silver 
stain 
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Fig. 5.27 Type I acute T-cell-mediated (acute cellular) rejection. The 
tubular cell nuclei in acute cellular rejection may demonstrate marked 
nuclear abnormalities, which should always raise concern about viral 
cytopathic effects. This case shows severe rejection-associated reactive 
nuclear atypia. Stains for BK polyomavirus and cytomegalovirus were 
both negative 


Fig. 5.28 Type I acute T-cell-mediated (acute cellular) rejection with 
transplant glomerulitis. Acute cellular rejection may involve glomeruli, 
usually in association with interstitial rejection. It is recognized by the 
presence of frequent mononuclear cells within the glomerular capillary 
loops. Special stains, such as PAS, assist in its recognition, as shown 
here. This is a mild example of acute transplant glomerulitis. The adja- 
cent interstitium showed acute cellular rejection, Banff type 1A 
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Fig. 5.29 Type I acute T-cell-mediated (acute cellular) rejection with 
acute transplant glomerulitis. Silver staining also nicely demonstrates 
acute transplant glomerulitis. In this example, the capillary loop cells 
may appear more numerous than in the previous image. However, some 
of the nuclei represent endothelial cells, contributing to the impression. 
The lower threshold for this diagnosis has not been established, and its 
treatment is as for a pure tubulointerstitial pattern of rejection 
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Fig. 5.30 Type I acute T-cell-mediated (acute cellular) rejection with 
acute transplant glomerulitis. A CD3 T-cell stain may confirm the pres- 
ence of acute transplant glomerulitis. In this case, there are numerous T 
cells within glomerular capillary loops. Immunoperoxidase, CD3 stain 
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Fig. 5.31 Acute transplant glomerulitis and chronic active antibody- 
mediated rejection/chronic transplant glomerulopathy. This image 
shows a mixed acute and chronic transplant glomerulopathy. There is a 
prominent capillary loop mononuclear cell infiltrate on the left and cap- 
illary loop basement membrane duplication on the right. Jones methe- 
namine silver stain 
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Fig. 5.32 Type IIA acute T-cell-mediated (acute vascular) rejection. 
Acute vascular rejection is characterized by endotheliitis affecting arte- 
rioles and small arteries. In this image of a qualifying lesion, a few 


mononuclear cells are seen beneath the endothelium on the right. 
Enlarged reactive endothelial cells also are present 
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Fig. 5.33 Type IIB T-cell-mediated (acute vascular) rejection. This 
example of acute vascular rejection shows nearly circumferential inti- 
mal arteritis and markedly enlarged and reactive-appearing endothelial 
cell nuclei, qualifying as Banff type IIB acute vascular rejection 
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Fig. 5.34 Type II T-cell-mediated (acute vascular) rejection. In addi- 
tion to endotheliitis, thrombosis also may develop in acute vascular 
rejection. In this example, subendothelial and luminal thrombosis is 
present, associated with mild endotheliitis. There also are chronic 
changes with mild intimal fibrosis and multiple intimal foam cells 
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Fig. 5.35 Type II T-cell-mediated (acute vascular) rejection. Acute 
vascular rejection also is a T-cell-mediated process. This immunoper- 
oxidase CD3-stained sample shows that the subendothelial cells in the 
case of intimal arteritis are rejection-associated T cells, confirming the 
interpretation of acute vascular rejection, Banff type II 
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5.2.2 Chronic T-Cell-Mediated Rejection 


In chronic T-cell—mediated rejection, or chronic transplant arte- 
riopathy, there is morphologic overlap with chronic antibody- 
mediated rejection. There is marked intimal inflammation 
consisting predominately of T cells, and fibrointimal thicken- 
ing of arteries. Fibrin may be observed. Within the thickened 
intima, smooth muscle proliferation may occur, creating a neo- 
media. This may coexist with acute T-cell-mediated and anti- 
body-mediated rejection. In addition, interstitial fibrosis and 
tubular atrophy are present. 


Fig. 5.36 Chronic T-cell-mediated rejection with chronic transplant 
arteriopathy. In contrast to hypertension-associated arterial disease, 
duplication and fragmentation of the internal elastic lamina do not 
occur. This example of chronic vascular rejection shows severe 
fibrointimal thickening with a distinct intimal—medial interface 
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Fig. 5.37 Chronic T-cell-mediated rejection with chronic transplant 
arteriopathy. In addition to fibrointimal thickening, arteries affected by 
chronic vascular rejection also may form a neomedia, a band of smooth 
muscle cells clearly located within the thickened intima. Also note the 
mild intimal inflammation with foam cells to the right. There is intense, 
diffuse cellular rejection throughout the cortex 
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Fig. 5.39 Interstitial fibrosis and tubular atrophy. The consequences of 
the severe arterial occlusive disease of chronic rejection is progressive 
glomerulosclerosis and tubular atrophy with interstitial fibrosis, as 
demonstrated in this image. Plasma cells often are more prominent at 
this stage of rejection. In biopsy material, when no arterial or glomeru- 
lar lesions of chronic rejection are evident, the terminology used is 
tubular atrophy and interstitial fibrosis, no evidence of specific etiology 
(previously referred to as chronic allograft nephropathy) 


Fig. 5.38 Type II acute T-cell (acute vascular) rejection and chronic 
transplant arteriopathy. Acute and chronic vascular rejection may affect 
the same artery. Both types may be encountered in biopsies of older 
allografts. This is a ubiquitous finding in chronically rejected allografts 
once immunosuppression has been discontinued. This image from an 
allograph nephrectomy for symptomatic chronic rejection shows a 
small artery with fibrointimal thickening, as well as marked endothelii- 
tis and mural inflammation 
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Fig. 5.40 Transplant nephrectomy, infarct. In patients with end-stage 
chronic rejection, immunosuppression is stopped. Typically, there is 
severe unchecked cellular and vascular rejection that may be associated 
with infarcts leading to flank pain and systemic symptoms, prompting 
allograft nephrectomy. The allograph nephrectomy sample shown here 
is from a patient who had severe arterial occlusive disease with infarcts; 
one of the acute infarcts is visible in the image. It is characterized by a 
wedge-shaped area of coagulation necrosis with a rim of hemorrhage 
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5.3 Calcineurin Inhibitor Toxicity 

Calcineurin inhibitor toxicity is common in biopsy material. 
Calcineurin inhibitors produce several lesions, acute and 
chronic, that may affect small arteries, arterioles, glomeruli, 
tubules, and interstitium, alone or in combination. A com- 
mon finding in cases of nephrotoxicity is no morphologic 
abnormality. The renal injury is mediated by arteriolar vaso- 
constriction that reduces the glomerular filtration rate, 
resulting in azotemia. Lowering of the dose often leads 
quickly to improvement in renal function. The acute mor- 
phologic lesions of calcineurin inhibitor toxicity are a 
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Fig. 5.41 Calcineurin inhibitor toxicity, acute thrombotic microan- 
giopathy. In this example, there is thrombosis of the afferent arteriole 
with extension into the glomerular capillaries. Red cell fragments are 
present. This lesion is reversible by lowering the dosage of the drug or 
discontinuing it. C4d acute antibody-mediated rejection may have a 
similar appearance. The C4d stain was negative in this case 
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thrombotic microangiopathy and isometric tubular vacu- 
olization, both of which are also reversible. The chronic 
lesions are a distinctive hyaline arteriopathy and interstitial 
fibrosis, often referred to as "striped" fibrosis because it tar- 
gets the distal nephron tubules within the medullary rays. 
The latter is nonspecific in appearance and is not 
illustrated. 

Calcineurin inhibitor toxicity includes: 
* Thrombotic microangiopathy 
* Hyaline arteriopathy 
* Isometric tubular vacuolization 
* Interstitial (striped) fibrosis 


Fig. 5.42 Calcineurin inhibitor toxicity, hyaline arteriopathy. This is a 
distinctive form of arteriolar hyalinosis. In contrast to hypertension and 
diabetes, in which the hyaline accumulation is subendothelial, in this 
lesion there are rounded accumulations of hyaline material preferen- 
tially located on the outer aspect of the arteriole. Their rounded nature 
reflects replacement of individual smooth muscle cells that have under- 
gone necrosis. The basement membrane surrounding the degenerated 
smooth muscle cells remains and is filled in with the hyaline material. 
PAS stain is recommended to identify this lesion 
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Fig. 5.43 Calcinuerin inhibitor toxicity, hyaline arteriopathy. 
Calcineurin inhibitor hyaline arteriopathy also may affect arterioles in 
the renal medulla. This case showed severe transmural hyaline arteri- 
opathy affecting the arteriolar vasa recta of the outer medulla 


Fig. 5.45 Calcineurin inhibitor toxicity, isometric tubular vacuoliza- 
tion. Isometric tubular vacuolization is particularly well demonstrated 
with Masson trichrome stain 


Fig. 5.44 Calcineurin inhibitor toxicity, isometric tubular vacuoliza- 
tion. Isometric tubular vacuolization is characterized by the presence of 
numerous small and uniform vacuoles filling the cytoplasm of tubular 
cells. The proximal tubules are preferentially affected. This lesion is 
reversible by lowering the dosage or discontinuing the drug (see also 
Figs. 3.20 and 3.21) 
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5.4 Opportunistic Infections and Other 


Complications 


A vast array of opportunistic infections may infect the immu- 
nosuppressed renal transplant patient. Therefore, careful 
vigilance is important when reviewing a biopsy. If an infec- 
tion is missed and a diagnosis of rejection rendered, the 
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consequences may be catastrophic. Several infections in 
transplant patients, such as acid-fast and viral infections, are 
illustrated in Chap. 3 (see Figs. 3.70, 3.71, 3.101, 3.102, 
3.103, 3.104, 3.105, 3.106, 3.107, 3.108, and 3.109). One 
example of a mixed infection is shown in Fig. 5.45. Other 
serious complications include transplant rupture and post- 
transplant lymphoproliferative disorders. 


Fig. 5.46 Renal transplant, mixed fungal infection coccidiomycosis 
and histoplasmosis. Immunosuppressed patients are susceptible to 
numerous types of opportunistic infections, and mixed infections are 
not uncommon. In this autopsy case, a dual fungal infection largely 
confined to the glomeruli was present. It consisted of coccidiomycosis, 
large pale organisms within capillary loops (arrow), and histoplasmo- 
sis, numerous tiny organisms within capillary loops and Bowman's 
space 


Fig. 5.47 Transplant rupture with retroperitoneal hemorrhage. 
Allograft rupture is an uncommon complication of severe acute rejec- 
tion. This is an example in which the point of rupture included a visible 
peripheral interlobular artery (arrow). The arterial wall is gaping open, 
resulting in severe perirenal hemorrhage. Allograft nephrectomy is the 
only treatment 
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Fig. 5.48 Posttransplant diffuse large B-cell lymphoma. Most post- 
transplant lymphoproliferative disorders are B-cell derived and range 
from plasmacytic and polymorphous B-cell hyperplasias to monomor- 
phous B-cell lymphomas. This example of a large cell B-cell lymphoma 
was found to be Epstein-Barr virus associated based on positive in situ 
hybridization studies. The cortex shows massive interstitial expansion, 
widely separating the nephron elements. Fibrosis and necrosis usually 
are not present 
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Fig. 5.49 Posttransplant diffuse large B-cell lymphoma. The cytology 
of the large cell lymphoma is shown. The cells have very large nuclei 
and multiple nucleoli. The kidney was removed following a biopsy 
diagnosis. No extrarenal involvement was documented. This therapy- 
related complication is becoming less frequent with modern immuno- 
suppressive protocols 
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Glomerular Diseases 


Glomerular diseases comprise numerous entities with diverse 
clinical manifestations, morphologic expression, and pathogen- 
esis. A fundamental concept to embrace when a glomerular dis- 
ease is encountered is that the alterations seen represent a pattern 
of injury, not a specific disease entity. For most injury patterns, 
there are primary or idiopathic cases and multiple secondary 
causes that may have a different prognosis and merit a different 
clinical response. Thoughtful consideration of the clinical fea- 
tures and laboratory data, as well as direct conversation with the 
clinician, is crucial to arriving at the correct diagnosis. 


S.M. Bonsib, Atlas of Medical Renal Pathology, Atlas of Anatomic Pathology, 


Although this atlas intends to cover the entire spectrum 
of nonneoplastic renal diseases, it is particularly challeng- 
ing to be comprehensive in covering the nuances of the 
spectrum of glomerular diseases. However, most of the 
major entities and a selection of uncommon entities are 
illustrated as noted in Table 6.1. In addition, the basic termi- 
nology of glomerular diseases is outlined in Table 6.2. For 
more detailed discussion, the reader is referred to one of the 
several excellent renal pathology textbooks cited in the 
bibliography. 
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Table 6.1 Glomerular diseases 


Podocytopathies 
Minimal change disease 
Focal segmental glomerulosclerosis 
Congenital and infantile nephrotic syndrome 
Finnish-type congenital nephrotic syndrome 
Diffuse mesangial sclerosis 
Diffuse mesangial hypercellularity 
Immunologically mediated glomerular diseases 
IgG nephropathies 
Membranous glomerulonephritis 


Acute poststreptococcal (postinfectious/infection-associated) 
glomerulonephritis 


Membranoproliferative glomerulonephritis 
Membranoproliferative glomerulonephritis, type | 
Proliferative glomerulonephritidies with MPGN features 

IgA nephropathies 

IgA nephropathy 
Primary 
Secondary 

Henoch-Schónlein purpura 

Glomerulonephritides with “full-house” immunofluorescence 

Systemic lupus erythematosus glomerulonephritis 

Clq nephropathy 

HIV with “lupus-like” immunofluorescence 


Glomerulonephropathies with defects in the alternative comple- 
ment pathway 


C3 glomerulopathy 

Dense deposit disease 

Atypical hemolytic uremic syndrome 
Crescentic glomerulonephritides 


Goodpasture’s syndrome/antiglomerular basement membrane 
disease 


Immune complex-mediated glomerulonephritis 


Pauci-immune/antineutrophil cytoplasmic antibody-mediated 
crescentic glomerulonephritis 


Collagen nephropathies 
Collagen type IV nephropathies 
Thin basement membrane syndrome 
Alport’s syndrome 
Collagen type III nephropathies 
Nail-patella syndrome 


Collagenous type III glomerulopathy/collagenofibrotic 
glomerulopathy 


Thrombotic microangiopathies 

Primary thrombotic microangiopathies 
Hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 

Secondary thrombotic microangiopathies 
Disseminated intravascular coagulation 
Malignant hypertension 
Antiphospholipid antibodies 
Scleroderma renal crisis 
Postpartum hemolytic uremic syndrome 
HIV-associated thrombotic microangiopathy 
Irradiation-associated thrombotic microangiopathy 
Drug-associated thrombotic microangiopathy 
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Table 6.1 (continued) 
Glomerular diseases associated with paraprotein deposition and/or 
structured deposits 
Amyloidosis 
Immunoglobulin and light chain deposition diseases 
Fibrillary glomerulopathy 
Immunotactoid glomerulopathy 
Glomerular metabolic and storage diseases 
Diabetic glomerulopathy 
Lipid disorders 
Familial lecithin-cholesterol acyltransferase deficiency 
Lipoprotein glomerulopathy 
Lysosomal storage diseases 
Fabry’s disease 
Nephrosialidosis 
I-cell disease 
Glycogen storage disease, type I (von Gierke’s disease) 
Membrane transport disorder 
Cystinosis, juvenile form 


Table 6.2 Basic terminology of glomerular diseases 


Extent of a lesion within a single glomerulus 
Segmental: a portion («50 %) of a glomerulus is involved 
Global: most (>50 %) or all of a glomerulus is involved 
Distribution of the lesion within the glomerular population 
Focal: some (<50 %) of the glomeruli are affected 
Diffuse: most (>50 %) or all of the glomeruli are affected 
Clinical presentation 
Nephrotic syndrome 
Proteinuria > 3 g of protein in 24-h urine 
Hypoalbuminemia<3 g/dl 
Hyperlipidemia 
Edema 
Nephritic syndrome 
Hematuria 
Acute renal failure 
Oliguria 
Hypertension 


Rapidly progressive renal failure: renal failure developing over 
days to 2 weeks 


Acute renal failure: renal failure developing over 2 weeks to 
2 months 


Chronic renal failure: renal failure developing longer than 
2 months 
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6.1 Podocytopathies 

Podocytopathy refers to a group of disorders that have in 
common intrinsic disorders or extrinsic injuries that affect 
podocyte function. They often lead to end-stage renal dis- 
ease. Many have a genetic basis as a result of mutation of 
genes that encode for proteins located in the slit diaphragm 
or podocyte foot processes (NPHSI, NPHS2, CD2AP, 
TRCP6, ACTN4), glomerular basement membrane (GBM; 
LAMB2), mitochondria (COQ2), or a transcription factor 
(WTI, LMXIB) necessary for normal development of kidney 
and often other organs. These mutations may cause renal- 
limited disease or be syndromic. The major entities are listed 
in Table 6.3. 

Many of the mutation-associated diseases show minimal 
change disease (MCD) if biopsied early, but if biopsied later 
in the course, they may show focal segmental glomeruloscle- 
rosis (FSGS). Others show one of two other distinctive 
lesions: Finnish-type congenital nephrotic syndrome 
(FT-CNS) or diffuse mesangial sclerosis (DMS). 


Table 6.3 Genetic causes of nephrotic syndromes 


Syndrome Mutation 
Finnish-type congenital nephrotic syndrome NPHSI 
Steroid-resistant nephrotic syndrome, type 2 NPHS2 
Denys-Drash syndrome WTI 
Isolated diffuse mesangial sclerosis WTI 
Frasier syndrome WTI 
Pierson syndrome LAMB2 
Steroid-resistant nephrotic syndrome, type 3 PLCEI 
Familial focal segmental glomerulosclerosis, type 1 ACTN4 
Familial focal segmental glomerulosclerosis, type 2 TRCP6 
Familial focal segmental glomerulosclerosis, type 3 CD2AP 
Nail-patella syndrome LMX1B 
Herlitz junctional epidermolysis bullosa LAMB3 
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6.1.1 Minimal Change Disease 

MCD is overwhelmingly the most common cause of neph- 
rotic syndrome in children (80 % of cases) and accounts for 
a significant number of cases in adults (10-20 96). Most 
patients present with normal renal function. However, if 
another process is present, such as hypertension or an acute 
tubulointerstitial process, then azotemia will be present. As 
the name suggests, the abnormal findings are few and are 
limited to ultrastructural abnormalities in podocyte architec- 
ture with effacement of podocyte foot processes. MCD is 
steroid responsive, with an excellent prognosis in most cases. 
A history of familial disease and failure to respond to ste- 
roids should raise the possibility of a mutation-associated 
cause. The most common mutations include podocin, 
CD2AP, a-actinin IV, and nephrin. There are two important 
secondary causes of MCD: nonsteroidal anti-inflammatory 
drugs and lymphoproliferative disorders. Focal segmental 
glomerulosclerosis may show MCD on biopsy early in its 
course, when diagnostic sclerosing lesions are few and 
missed because of sampling. Thus, a diagnosis of MCD, by 
definition, does not exclude undersampled FSGS. 


Fig. 6.1 MCD. In this typical case of MCD in a child, there was sud- 
den onset of nephrotic syndrome with normal renal function. The kid- 
ney biopsy appears completely normal. There is no glomerular 
abnormality. The tubules appear normal, and the interstitium is scant 
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Fig. 6.2 MCD. The glomeruli in MCD are morphologically normal. 
The capillary loops are open, with thin delicate walls. The mesangium 
is scant and contains only one to two mesangial cells 


Fig. 6.3 MCD. Confirmation that no glomerular abnormalities are 
present requires special stains. Here, periodic acid—Schiff (PAS) stain 
shows a normal glomerulus in MCD. It reveals the fine detail of the 
glomerular tuft, allowing appreciation of cell-matrix relationships. The 
capillary loops are open and of normal thinness. The mesangial matrix 
is scant, not expanded or hypercellular 
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Fig.6.4 MCD. Here, silver stain, like the PAS stain in Fig. 6.3, high- 
lights basement membranes and mesangial matrix. However, the silver 
stain reveals finer detail of the glomerular capillary loop compared with 
PAS, because it stains only the lamina densa of the capillary loop base- 
ment membrane. In this case, the loops are open, the matrix is scant, 
and the capillary loop basement membranes are thin and delicate. Jones 
methenamine silver stain 


Fig.6.5 MCD. The only morphologic abnormality in MCD is revealed 
at the ultrastructural level. Note the complete effacement of podocyte 
foot processes. The outer aspect of the capillary loops is covered by a 
sheet of podocyte cytoplasm. Electron micrograph 
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6.1.2 Focal Segmental Glomerulosclerosis 


FSGS is a pattern of glomerular damage that begins with 
podocyte injury, then progresses to capillary loop collapse 
and glomerulosclerosis. It is an infrequent cause of pediatric 
nephrotic syndrome (5 96) but the most common cause of 
adult nephrotic syndrome (20—30 %) in renal biopsy series. 
Patients with FSGS may present with normal renal function 
or renal insufficiency, depending on the severity of the pro- 
cess. Most cases are steroid resistant, with progressive dis- 
ease in at least 30—50 96 of cases. 

FSGS is not a single entity but rather a category of glom- 
erular injury that encompasses several morphologic patterns 
of injury, or “variants,” that have important clinicopathologic 
correlates (see Table 6.4). FSGS, not otherwise specified 
(NOS) is by far the most common type. The diagnosis of the 
variants in this working formulation is hierarchical, with the 
collapsing variant trumping the other four. Once it is 
excluded, the tip lesion must be excluded, followed by exclu- 
sion of the cellular lesion, and then exclusion of the perihilar 
variant. The NOS lesion is the default diagnosis. 

Although most cases of FSGS are idiopathic diseases, 
particularly the NOS variant, there is an ever-expanding list 


Table 6.4 Working formulation for focal segmental glomerulosclerosis 


Variants Clinical associations Exclusion 


FSGS, NOS Most common Perihilar, cellular, 
tip, collapsing 
FSGS, perihilar* 


FSGS, cellular 


Reduced nephron mass Cellular, tip, collapsing 
Early disease, severe 


onset 


Tip, collapsing 


FSGS, tip lesion* 
FSGS, collapsing 


Most benign form Collapsing 

Rapidly progressive, 

viral, toxic injury 

FSGS focal segmental glomerulosclerosis, NOS not otherwise 
specified 

"Tip and perihilar variants are very rare 
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of secondary causes that differ in etiology and pathogenesis. 

Within each of the variant categories, both idiopathic and 

known causes occur. The number of known causes will con- 

tinue to enlarge at the expense of the idiopathic group as 

knowledge of these diseases increases. 

Known causes of FSGS are as follows: 

Drug related: intravenous drugs, pamidronate 

Viral infection related: HIV, parvovirus B19 

Obesity associated 

Reduced nephron mass: unilateral agenesis, reflux neph- 

ropathy, renal hypoplasia 

5. Genetic abnormalities due to mutation of slit diaphragm 
and podocyte foot process proteins: e.g., podocin, CD2AP, 
a-actinin IV, nephrin 

As the name suggests, in FGSG a portion of the glomerulus 

(i.e., a segment) shows capillary loop obliteration and sclero- 

sis. Only a single glomerulus need be affected in a biopsy to 

qualify for the diagnosis, even with a large glomerular sam- 

ple. Over time, progression is common, with more numerous 

glomeruli containing segmental sclerosing lesions and the 

segmental lesions progressing to global glomerulosclerosis. 

Tubulointerstitial scarring develops in parallel with the 

glomerulosclerosis. 


Per 


Fig. 6.6 FSGS, NOS type. This glomerulus shows a segmental lesion 
on the right (only a portion of the glomerulus is involved) characterized 
by consolidation and capillary loop obliteration. There are hyperplastic 
epithelial cells with a few protein resorption droplets and synechial 
adherence to Bowman's capsule 
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Fig. 6.7 FSGS, NOS type. A matrix stain, such as the PAS shown 
here, reveals details of the segmental lesion not apparent on hematoxy- 
lin and eosin stain. Notice the obliterated capillary loops and adherence 
to Bowman's capsule. Two thirds of the glomerulus appears normal 


Fig. 6.8 FSGS, NOS type. This image shows a segmental sclerosing 
lesion on silver stain. Like the PAS stain, it shows capillary loop oblit- 
eration and capsular adhesion. There is mild epithelial cell hyperplasia 
at the top, and several capillary loops are filled with pale-staining hya- 
line material. Often, lipid droplets of foam cells also are present. There 
are a few normal loops on the right, indicating the initially segmental 
nature of the process. Jones methenamine silver stain 
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Fig. 6.9 FSGS, NOS type. Although FSGS is not regarded as an 
immunologically mediated disease, that does not mean direct 
immunofluorescence studies are negative. The segmental scars will 
nonspecifically “trap” immune reactants. Both the IgM and C3 stains 
often highlight areas of sclerosis, as demonstrated in this image. Direct 
immunofluorescence, IgM stain 


Fig. 6.10 FSGS, NOS type. This electron microscopic image of a seg- 
mental sclerosing lesion shows diffuse podocyte foot process efface- 
ment. There are numerous lipid droplets (arrows) within the capillary 
loop 
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Fig. 6.11 FSGS, collapsing variant. This glomerulus shows a collaps- 
ing lesion. Collapsing lesions usually have exuberant epithelial cell 
hyperplasia somewhat reminiscent of a cellular crescent. Many epithe- 
lial cells, particularly those to the lower right, contain numerous intrac- 
ellular protein resorption droplets, another characteristic feature. The 
capillary loops at the top are collapsed, with no visible capillary loop 
lumina 


Fig. 6.12 FSGS, collapsing variant. Jones methenamine silver stain 
demonstrates the widespread capillary loop collapse and prominent epi- 
thelial cell hyperplasia with protein resorption droplets. Notice there 
are no capsular adhesions, which typically are absent in the collapsing 
lesions 
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Fig. 6.13 FSGS, collapsing variant. The epithelial alterations in the 
collapsing variant are often impressive. Note the numerous epithelial 
cell protein resorption droplets graphically demonstrated by Masson 
trichrome stain 


variant. 


Fig. 6.14 Pamidronate-associated FSGS, 
Pamidronate is one of the drug-related causes of FSGS, collapsing vari- 
ant. In addition to collapsing lesions, with pamidronate-associated 
lesions there are distinctive ultrastructural changes. The podocyte cyto- 
plasm becomes filled with numerous mitochondria, an organelle pres- 
ent in low numbers in normal podocytes. This image shows several 
podocytes in which the podocyte cytoplasm is filled with mitochondria 


collapsing 
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Fig. 6.17 FSGS, perihilar variant. In perihilar FSGS, the sclerosing 
lesions straddle the sides of the vascular pole, as shown in this example. 
At least 50 % of glomeruli must have lesions in this location to qualify. 


Fig.6.15 FSGS, cellular variant. The cellular variant shows hypercel- PAS stain 
lularity involving capillary loops and epithelial cells. Mild degrees of 

cell necrosis also may be present. It resembles a proliferative glomeru- 

lonephritis; however, immunofluorescence will demonstrate no immune 

deposits and the patient will have nephrotic syndrome with little or no 

hematuria 
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Fig. 6.16 FSGS, glomerular tip lesion. The glomerular tip is the por- 
tion of the glomerular tuft adjacent to the ostia of the proximal convo- 
luted tubule. In the FSGS tip variant, all or most glomeruli are affected 
by segmental lesions located at the ostia of their proximal tubules. In 
this example, there is a small tip lesion characterized by intracapillary 
loop foam cells with an overlying cap of hyperplastic epithelial cells. It 
partially extends into the proximal tubule ostia in the right upper por- 
tion of the image. Jones methenamine silver stain 
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6.1.3 Congenital and Infantile 
Nephrotic Syndrome 


Nephrotic syndrome developing in the first year of life com- 
prises a heterogeneous group of rare diseases. Congenital 
nephrotic syndrome (CNS) is arbitrarily defined as proteinu- 
ria detected within the first 3 months of life, and infantile 
nephrotic syndrome (INS) is defined as proteinuria develop- 
ing from 3 to 12 months of life. Patients present with steroid- 
resistant nephrotic syndrome, and most progress to renal 
failure. 

Most cases of CNS and INS and, as previously mentioned, 
many cases of MCD and FSGS occurring in children and 
adults have a genetic basis caused by mutated genes that 
encode for proteins critical to the function of slit diaphragm/ 
podocyte foot processes (VPHS1, NPHS2, CD2AP, TRCP6, 
ACTN4), GBM (LAMB2), mitochondria (COQ2), or a tran- 
scription factor (WT1, LMX1B) necessary for normal devel- 
opment of kidney and often other organs. Four genes (NPHST, 
NPHS2, WT1, and LAMB2) account for up to two thirds of 
the cases of CNS and INS. In addition to these genetic causes 
of CNS and INS, there also are forms resulting from con- 
genital infections, maternally transmitted diseases such as 
systemic lupus erythematosus and neonatal neutral endopep- 
tidase autoantibodies, and exposure to heavy metals, such as 
mercury. These are not discussed further. 

Patients with CNS and INS show one of three patterns of 
glomerular injury: FT-CNS, sometimes referred to as micro- 
cystic disease; DMS; or MCD/FSGS. The first two are illus- 
trated next. 


6.1.3.1 Finnish-Type Congenital Nephrotic 
Syndrome 

FT-CNS is an autosomal recessive disorder. Although its 

incidence is highest in Finland, affecting 1:8,200 in the pop- 

ulation, the disease occurs worldwide. It is caused by muta- 

tions in nephrin, a protein localized exclusively to the slit 
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diaphragm and critical to the permeability properties of the 
capillary loop. Nephrin mutations also occur in 20—30 % of 
sporadic MCD and in 40 46 of familial steroid-resistant neph- 
rotic syndrome of children and adults. The gene encoding for 
nephrin, NPHS/, is on chromosome 19q13.1. More than 60 
nephrin mutations have been identified. 

Infants with FT-CNS usually are born premature, at 35-38 
weeks in more than 80 % of cases, with a low birth weight 
for gestational age (1,500—3,500 g) and an enlarged placenta 
(225 % birth weight). Nephrotic syndrome (20—30 g/day) 
typically develops in utero, leading to hypoalbuminemia and 
edema, abdominal distension, and early neonatal detection. 
Hypogammaglobulinemia results in high risk of infection, 
the leading cause of death. Renal failure develops in early 
childhood, usually by 3-8 years of age. The a-fetoprotein 
level is elevated tenfold in amniotic fluid by 15-18 weeks’ 
gestation, a useful test to identify an affected fetus. 

In fetal kidneys affected by FT-CNS, glomerulogenesis 
appears normal. Rare dilated proximal tubules are the only 
histologic clue to the disease at this stage. At birth, the kid- 
neys usually are grossly enlarged. Biopsy performed within 
the first weeks or months often shows a dimorphic glomeru- 
lar population, ranging from normal-sized to small fetal- 
appearing glomeruli. Mild mesangial hypercellularity and 
matrix increase typically are present. Some glomeruli may 
have an ectatic Bowman capsule (“glomerular microcysts"). 
Glomerulosclerosis develops as the disease progresses. 
Arterioles and arteries typically are thickened. Proximal 
tubular dilation or tubular *microcysts" also are characteris- 
tic, giving rise to the term microcystic disease. 

Immunofluorescence studies are negative for immune 
reactants; staining for nephrin also is negative. Electron 
microscopy shows thinner-than-normal GBMs, a feature 
difficult to assess in neonatal kidneys, in which the normal 
GBM is quite thin. There is extensive podocyte foot process 
effacement, and no discernible slit diaphragms may be visi- 
ble in the few remaining spaces between podocytes. 
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Fig. 6.18 FT-CNS. In this example of FT-CNS in a fetus, the mother 
had a previously affected child. In this case, elevation of the amniotic 
fluid a-fetoprotein level led to termination. The only findings were a 
few widely scattered ectatic tubules 
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Fig. 6.19 FT-CNS. This autopsy kidney from an infant with FT-CNS 
shows ectatic tubules and several glomerular cysts, most numerous in 
the superficial cortex. Also note the dimorphic glomerular population. 
Those near the capsule are small and many appear immature. The 
deeper glomeruli are much larger and appear mature 


AUS » 


Fig. 6.20 FT-CNS. This field from the case in Fig. 6.19 shows the 
dimorphic glomerular population. Two immature glomeruli are on the 
left; they are small, with closely spaced podocyte nuclei. A larger, more 
mature-appearing glomerulus is to the right 
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Fig. 6.21 FT-CNS. Silver stain from another case shows mild mesan- 
gial matrix increase in the mature-appearing glomerulus in the lower 
right. The immature glomerulus to the upper left has scant mesangium 
and closely spaced podocyte nuclei. Jones methenamine silver stain 


Fig. 6.23 FT-CNS. This electron micrograph shows an immature 
glomerulus. There is a row of podocytes with complete podocyte foot 
process effacement 


Fig. 6.22 FT-CNS. This case is from a child with advanced disease. 
Tubular cysts and a glomerular cyst are present, with both mature- and 
immature-appearing glomeruli. There also is prominent interstitial 
fibrosis 


Fig. 6.24 FT-CNS. This is one of the few spaces between the podocyte 
processes. Notice the absence of a slit diaphragm. Electron 
micrograph 
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6.1.3.2 Diffuse Mesangial Sclerosis 
DMS may be a sporadic disease or may be syndromic, most 
commonly as part of Denys-Drash syndrome (DDS). In both 
sporadic DMS and DDS, WT] mutations usually are present. 
WTI, a zinc-finger transcription factor located on chromo- 
some 11p13, is involved in embryogenesis of gonads and 
kidneys. More than 80 germline WT/ mutations have been 
identified. DMS also may be found as the renal lesion in sev- 
eral other syndromic diseases not associated with WT7 muta- 
tions. DMS differs from FI-CNS by a broader age of 
presentation, from birth to infancy, and by more rapid pro- 
gression to renal failure once diagnosed; end-stage renal dis- 
ease usually develops by 3—4 years of age. 

Syndromic diseases with diffuse mesangial sclerosis 
include: 
* Denys-Drash syndrome 
* Galloway-Mowat syndrome 
e Oculorenal syndromes 

— Lowe syndrome 

— Pierson syndrome 

— Miscellaneous congenital ocular abnormalities 
* Schimke immuno-osseous dysplasia 
* Microcephaly and DMS 
e Type 1 carbohydrate-deficient glycoprotein syndrome 

Nonsyndromic diseases with DMS include phospholipase 

C epsilon mutation. 

DDS is an autosomal dominant triad syndrome consisting 
of early-onset nephrotic syndrome due to DMS, Wilms' 
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tumor, and male pseudohermaphroditism. Incomplete forms 

occur, but DMS appears to be a constant finding. The other 

components are more variable, leading to several clinical 

categories: 

* Genotypic males with all three components 

* Genotypic males with nephropathy and ambiguous exter- 
nal or internal genitalia 

e Genotypic females with nephropathy and Wilms’ tumor 

The nephropathy may precede or coexist with Wilms’ 
tumor; thus, the diagnosis of apparent isolated DMS should 
not be equated with lack of risk of subsequent Wilms’ 
tumor. WT] mutations also occur in two other renal syndro- 
mic diseases: Frasier syndrome and WAGR (Wilms' tumor, 
aniridia, genitourinary anomalies, and mental retardation) 
syndrome, in which the renal lesion usually is FSGS/ 
MCD. 

In DMS, mesangial changes have been reported as early 
as 18 weeks’ gestation. Renal biopsies early in the disease 
show mesangial matrix expansion with mild hypercellular- 
ity. Later, mesangial sclerosis and capillary loop collapse 
develop with impressive podocyte hypertrophy. The enlarged 
podocytes contain large vacuoles and form a corona over 
obliterated capillary loops, somewhat resembling collapsing 
glomerulopathy. The process eventuates in a solidified con- 
tracted tuft within a sometimes dilated Bowman space. 
Immune reactants are not identified on immunofluorescence. 
There are distinctive ultrastructural changes; the GBM usu- 
ally shows irregular thickening and scalloping. 


Fig. 6.25 DMS. This example of DMS in a 6-month-old child shows 
early changes characterized by a mild increase in mesangial matrix. 
Jones methenamine silver stain 
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Fig. 6.26 DMS. This example of DMS in a 3-year-old child shows 
three glomeruli that vary in the degree of mesangial sclerosis, capillary 
loop collapse, and epithelial cell hypertrophy and vacuolization. Jones 
methenamine silver stain 
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Fig. 6.27 DMS. This case of DMS arising in DDS shows advanced 
disease. The glomerulus has severe mesangial matrix increase with 
mild hypercellularity, and diffuse capillary loop collapse. There also is 
exuberant epithelial enlargement and vacuolization. Jones methenamine 
silver stain 


Fig. 6.28 DMS. In this glomerulus, all capillary loops have collapsed, 
contributing to the impression of mesangial matrix expansion. Also 
note the enlarged and vacuolated epithelial cells. PAS stain 
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Fig. 6.29 DMS. Electron microscopy in DMS shows marked matrix 
increase and capillary loop obliteration. In addition, the capillary loop 
basement membranes are irregularly thickened (arrows), with lucent 
areas that vaguely resemble the changes observed in Alport's syndrome. 
Electron-dense material also commonly is present with the thickened 
GBM 
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6.1.4 Diffuse Mesangial Hypercellularity 


Diffuse mesangial hypercellularity (DMH) is a poorly 
defined renal lesion accounting for approximately 2-8 96 of 
children with INS; it rarely is congenital. Patients present 
with proteinuria or nephrotic syndrome, microscopic hema- 
turia, and hypertension. Approximately 50-60 96 show ste- 
roid responsiveness; the rest will have disease progression 
and show segmental and global sclerosis on repeat biopsy. 
The Southwest Pediatric Nephrology Study Group defined 
DMH as biopsies showing more than 80 % glomeruli that 
have more than 75 % mesangial areas with hypercellularity. 

On immunofluorescence, there is an absence of IgG and 
IgA immune reactants, but mesangial deposition of IgM and 
C3 may be present. Electron microscopy shows podocyte 
foot process effacement and mesangial hypercellularity and 
increased matrix. Because mesangial changes are a common 
feature of both FT-CNS and early DMS, DMH must be con- 
sidered when CNS or INS is present, thus its inclusion in this 
section. 


Fig.6.30 DMH. This image shows prominent expansion of the mesan- 
gium, with five or more cells per mesangial region. The capillary loops 
are open. Immunofluorescence showed 1—2+ mesangial IgM and C3 
deposition (scale, 1-3+). PAS stain 
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6.2 Immunologically Mediated 


Glomerular Diseases 


In this section, the major immunologically mediated glom- 
erular diseases are discussed. Because their categorization 
critically depends on their immunofluorescence findings, the 
major type of immune reactant(s) has formed the organiza- 
tional basis of this section. Two immune-mediated diseases, 
fibrillary glomerulopathy and immunotactoid glomerulopa- 
thy, are not included because they have a diagnostically 
defining morphologic abnormality, the presence of structured 
deposits by electron microscopy. 

6.2.1 IgG Nephropathies 

Several major glomerular diseases have in common the for- 
mation of IgG-predominant immune complex deposits within 
the capillary loops and/or mesangium. They are classified by 
a combination of parameters, the location of immune reac- 
tants, associated cellular proliferation, GBM alterations, and 
the clinical and laboratory data. 


6.2.1.1 Membranous Glomerulonephritis 
Membranous glomerulonephritis (MGN) is the second most 
common cause of nephrotic syndrome (15—20 96) in the adult 
biopsied population. It is rare in children, but if detected, 
hepatitis B is a frequent cause. Patients present with either 
normal renal function or renal insufficiency. The course 
is variable, with remission, progression, and prolonged 
proteinuria occurring in equal proportions. The capillary 
loops are diffusely thickened by the presence of numerous 
immune deposits forming in the subepithelial space. The 
deposits contain IgG antibody and light chains; C3 also 
may be present. The immunofluorescence pattern created is 
distinctive; thus, the diagnosis is straightforward on direct 
immunofluorescence. Over time, the deposits elicit basement 
membrane response by podocytes that can be visualized 
by light microscopy, especially in silver-stained sections. 
Electron microscopy confirms that the deposits are subepi- 
thelial in location. 

MGN may have many causes, the most common of which 
is autoimmune, occurring in 70-80 % of cases. Autoantibodies 
form that bind to the phospholipase A, receptor on podocyte 
cell membranes and are shed into the subpodocyte space, 
forming subepithelial immune complex deposits. The pres- 
ence of phospholipase A, antigen distinguishes primary 
MGN from secondary causes of MGN. The most important 
secondary causes include hepatitis B, systemic lupus erythe- 
matosus, malignancy, and assorted drugs. 
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Fig. 6.31 MGN. In MGN, the major findings are limited to the capil- 
lary loops. The term membranous was coined to describe the uniform 
thickening of the capillary loops identified prior to understanding its 
cause. The normal capillary loop is so thin a distinct width usually is 
not visible. In contrast, in established MGN there is diffuse capillary 
loop thickening, meaning there is a discernible width to each loop. 
Notice that a distinct width is apparent in most of the capillary loops in 
this glomerulus 


Fig. 6.32 MGN. Silver stain reveals the fine detail of the capillary loop 
thickening. Note the short delicate projections, known as “spikes,” 
extending perpendicular to the capillary loop basement membrane 
along its outer aspect. These spikes represent podocyte basement mem- 
brane response to subepithelial immune complex deposits. The deposits 
are located between the spikes and are not visible on silver stain. Jones 
methenamine silver stain 
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Fig. 6.33 MGN. In this glomerulus, the spikes are more prominent. 
The capillary loops therefore would appear thicker on hematoxylin and 
eosin stain than in the previous case. Jones methenamine silver stain 


Fig. 6.34 MGN. Over time, basement membrane formation around 
deposits may cover their surface, giving rise to an alteration known as 
bridging or “tram tracking.” This case shows that alteration where the 
two layers of basement membrane are separated by a thin space with 
faint perpendicular connections. Jones methenamine silver stain 
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Fig. 6.35 MGN. In MGN, the outer aspect of the capillary loops is 
carpeted by immune complex deposits. Here, staining for IgG shows 
the diffuse granular quality of the capillary loop immune complex 
deposits. Stains for C3, kappa, and lambda may appear similar, as well 
as staining for phospholipase A, receptor in cases of primary MGN. 
Direct immunofluorescence, IgG 


Fig. 6.37 MGN. Electron microscopy allows visualization of both the 
deposits and the spikes. The deposits (arrows) are electron dense and 
darker than the gray-appearing native capillary loop basement mem- 
brane. Notice that the deposits are separated by gray-appearing base- 
ment membrane material that would be visualized on silver stain as the 
spikes 


Fig. 6.36 MGN. This image shows many capillary loops in a tangen- 
tial or “en face" fashion, allowing appreciation of the individual depos- 
its. The dark spaces between deposits are where the basement membrane 
spikes would be located. Direct immunofluorescence, IgG 
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Fig. 6.38 MGN. This case of MGN shows more advanced disease as 
defined ultrastructurally. Not only has basement membrane material 
formed between the immune deposits (the spikes), it also has covered 
many deposits that would appear on silver stain as bridging or tram 
tracking 
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6.2.1.2 Acute Poststreptococcal (Postinfectious 

or Infection-Associated) Glomerulonephritis 
Acute poststreptococcal glomerulonephritis is a hypocom- 
plementemic diffuse proliferative glomerulonephritis occur- 
ring primarily in children and uncommonly in adults. The 
prototypic childhood disease develops 10 days to 2 weeks 
following a streptococcal upper respiratory infection or skin 
infection. However, both adults and children may develop 
the same lesion, associated with many bacterial, viral, para- 
sitic, or protozoan infections. Thus, the term acute postin- 
fectious glomerulonephritis (APIGN) often is used. 
Although the convention is to use postinfectious terminol- 
ogy, use of the qualifier post- should be considered carefully 
because the possibility always exists that the infectious 
cause may be ongoing and not past, that is, infection associ- 
ated. The clinical course in children usually is favorable and 
self-limited. Adults do more poorly, and a progressive 


Fig.6.39 APIGN. In APIGN, there usually is diffuse and global glom- 
erular hypercellularity and the glomeruli tend to be uniformly involved. 
Although neutrophils may occur in other causes of diffuse proliferative 
glomerulonephritis, they are particularly common in this disease. Note 
that in addition to numerous cells filling the glomerulus, this glomeru- 
lus contains many neutrophils 
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course is not unusual. APSGN is only one of many patterns 
of glomerular injury related to infection. As mentioned ear- 
lier, hepatitis B-associated MGN and, as discussed later, 
hepatatis C-associated membranoproliferative glomerulo- 
nephritis (MPGN) in adults are two of many other 
examples. 

The glomeruli show endocapillary (capillary loop and 
mesangial hypercellularity) proliferation, which may be 
global or segmental, and crescents may be seen. Although 
neutrophils are common and may be frequent, they are not 
themselves diagnostic. There are infrequent large subepithe- 
lial (^hump-like") deposits containing IgG, C3, and light 
chains in the classic pediatric case, but subendothelial and 
mesangial deposits are not uncommon, especially in adult 
cases. An IgA-dominant form associated with staphylococ- 
cal infections also occurs; when this develops in diabetics, 
the prognosis for renal recovery is very poor. 


Fig.6.40 APIGN. In this pediatric case of APIGN, the capillary loops 
are difficult to identify because they are filled with proliferating glom- 
erular cells and infiltrating inflammatory cells, many of which are 
neutrophils 
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Fig.6.41 APIGN. Silver stain is useful in the diagnosis of APIGN and 
to distinguish it from other forms of hypocomplementemic acute 
nephritic syndrome in children, especially membranoproliferative 
glomerulonephritis (MPGN). In APIGN, the silver stain shows that the 
capillary loops are expanded and filled with cells but basement mem- 
brane duplication as seen in MPGN is lacking. Jones methenamine sil- 
ver stain 


Fig.6.42 APIGN. Immunofluorescence shows immune deposits along 
the capillary loops and in the mesangium that stain for IgG, C3, kappa, 
and lambda. The capillary loop deposits often are larger, but less numer- 
ous, than the deposits in MGN. Immunofluorescence, IgG stain 
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Fig. 6.43 APIGN. In APIGN, the deposits often are very large and 
may be seen with Masson trichrome stain. In this case, many “hump- 
like” subepithelial deposits are present (arrows), more than is often 
seen. They stain red and have a flat base because they rest on the outer 
aspect of the GBM. Masson trichrome stain 


Fig. 6.44 APIGN. This electron micrograph from the case illustrated 
in Fig. 6.43 shows a capillary loop filled with cells. The dark cell to the 
left is a neutrophil. There are three large subepithelial deposits 
(arrows) 
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Fig. 6.45 APIGN. This electron micrograph shows endocapillary pro- 
liferation. The capillary loop is filled with cells that include both a neu- 
trophil in the center and several monocytes (arrows). No subepithelial 
deposits are present in this portion of the glomerulus. However, in the 
lower left are electron-dense mesangial immune deposits 
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Fig. 6.46 APIGN. This electron micrograph from a third case of 
APIGN shows a capillary loop filled with cells. There is a single large, 
rounded subepithelial deposit on the right upper portion 
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6.2.1.3 Membranoproliferative Glomerulonephritis 
MPGN is another diffuse proliferative glomerulonephritis 
that presents as hypocomplementemic acute nephritic syn- 
drome and/or nephrotic syndrome. It is a chronic, slowly 
progressive disease in most patients. The classic disease, 
often referred to as MPGN type I, develops in children. 
A similar pattern of injury, diffuse proliferative glomerulo- 
nephritis with MPGN features, occurs in adults and is associ- 
ated with a variety of diseases. Approximately 80 96 of adult 
cases are secondary to hepatitis C and may be associated 
with circulating cryoglobulins. In addition, there are many 
other causes of an MPGN pattern of glomerular injury 
(Table 6.5). 

MPGN shows prominent mesangial and capillary loop 
hypercellularity. Silver stain shows duplication of the capil- 
lary loop basement membrane along its inner aspect, a 
defining morphologic finding. This may be widespread in 
pediatric MPGN but may be only focal and segmental in 
adults with proliferative glomerulonephritis having MPGN 
features. In most cases, immunofluorescence will demon- 
strate many immune complex deposits involving the capil- 
lary loops and mesangium that contain IgG, C3, and light 
chains. Electron microscopy demonstrates that the capillary 
loop deposits are subendothelial and mesangial, associated 
with capillary loop basement membrane duplication. 
Mesangial cells may extend into the subendothelial space, 
complicating the electron microscopic appearance. In chronic 
thrombotic microangiopathies and chronic transplant glom- 
erulopathy, immune reactants are absent, leaving a lucent 
appearance to the subendothelial space on electron 
microscopy. 


Table6.5 Classification of membranoproliferative glomerulonephritis 


Pediatric membranoproliferative glomerulonephritis, type 1 


Diffuse proliferative glomerulonephritis with membranoproliferative 
features, immune complex positive 


Rheumatologic disease associated 
Systemic lupus erythematosus, class IV: global 
Scleroderma 
Sjógren's syndrome 

Infection associated 
Viral infection: hepatitis B, hepatitis C x cryoglobulinemia, HIV 
Bacterial infection: visceral abscess, infective endocarditis, 
infected shunt 
Quartan malaria 
Schistosomiasis 

Complement deficiencies (C2 or C3) 


Diffuse proliferative glomerulonephritis with membranoproliferative 
features, immune complex negative 


Chronic thrombotic microangiopathies 
Chronic transplant glomerulopathy 


66485457-66963820 


218 


o! 
2 
val 
F aq D QR LA n N ^ 
me c-— 7, A - f 
| > eo °4 - 
PZ . - tam zv t-—— 


Fig. 6.47 MPGN. This glomerulus is from an adult with hepatitis C. It 
shows global hypercellularity affecting the mesangium and all capillary 
loops. There is a capillary loop, so-called hyaline thrombus, at the lower 
right, suggesting cryoglobulins as the etiologic factor 


Fig. 6.48 MPGN. This is another glomerulus from the case shown in 
Fig. 6.47. In MPGN, the immune deposits are subendothelial and 
mesangial in location. The subendothelial deposits elicit basement 
membrane response along its inner aspect, creating a double-basement 
membrane contour (arrows) along many capillary loops. The immune 
deposits are located between the two layers. Jones methenamine silver 
stain 
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Fig. 6.49 MPGN. Immunofluorescence in MPGN shows numerous 
immune deposits containing IgG, C3, kappa, and lambda. They are 
located along the capillary loops and often involve the mesangium, as 
in this example. Immunofluorescence, IgG stain 


Fig. 6.50 MPGN. Electron microscopy shows diffuse effacement of 
podocyte foot processes. There are numerous subendothelial electron- 
dense immune deposits as well as multiple layers of gray new basement 
membrane along the inner aspect of the dense deposits. In addition to 
dense deposits, cell processes of mesangial cells have extended into the 
space between the basement membrane layers. The capillary lumen in 
this image is slit-like and inconspicuous 
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Fig. 6.51 MPGN secondary to infected atrioventricular shunt. This 
example of MPGN is secondary to an infected shunt ("shunt nephri- 
tis”). It shows global hypercellularity in a lobular pattern as a result of 
prominent mesangial cell proliferation 


Fig. 6.52 MPGN secondary to infected atrioventricular shunt. There is 
expanded mesangial matrix and segmental capillary loop basement 
membrane duplication (arrow). Jones methenamine silver stain 
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Fig. 6.53 MPGN secondary to infected atrioventricular shunt. In this 
electron micrograph, the capillary loop is patent. There is a row of sub- 
endothelial electron-dense immune deposits on the right with an inner 
layer of new basement membrane. Podocyte foot process effacement 
also is present 
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Fig. 6.54 Acute cryoglobulinemic glomerulonephritis. Occasionally, 
a patient with cryoglobulinemia presents with clinically acute disease 
rather than the protracted course of chronic hepatitis C—associated 
MPGN. Renal biopsy may show extensive capillary loop cryoglobu- 
linemic deposits. Shown here is an example of acute disease. Note the 
homogenous “thrombi-like” deposits distending the capillary loops. 
These will stain for IgG, IgM, C3, kappa, and lambda if the patient has 
a type II essential mixed cryoglobulin 
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Fig. 6.55 Acute cryoglobulinemic glomerulonephritis. Jones methe- 
namine silver stain confirms the acute nature of the process. There is no 
hypercellularity or structural change, such as mesangial matrix expan- 
sion or basement membrane duplication 


Fig. 6.56 Acute cryoglobulinemic glomerulonephritis. Cryoglobulins 
occasionally demonstrate an organized substructure on electron micros- 
copy. This case shows deposits with a short microtubular appearance. 
Although this is an often-cited feature of cryoglobulinemic glomerulo- 
nephritis, it is quite uncommon. Most often, the deposits look like other 
immune complex deposits and lack substructure 
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6.2.2 IgA Nephropathies 

IgA nephropathy (IgAN) is the most common glomerulone- 
phritis in the world. In Asia, 50 % of glomerulonephritis 
cases are IgAN. In the United States, IgAN represents 
10-20 % of cases biopsied. Although IgAN may have diverse 
clinical presentations, such as nephrotic syndrome, renal 
insufficiency, and severe hypertension, hematuria with low- 
grade proteinuria is the most common presentation. The 
clinical course of IgAN varies, with renal failure developing 
in 30-35 % of cases. IgAN most often is a primary or idio- 
pathic disorder; however, there are many secondary causes: 
* Primary IgAN 

* Secondary IgANs 

— Infections, especially staphylococcal infections 

— Liver diseases: cirrhosis, biliary obstruction 

— Gastrointestinal diseases: Crohn's disease and celiac 

disease 

— Dermatitis herpetiformis 

— Miscellaneous other systemic diseases 
* Henoch-Schónlein purpura 

Although most cases of IgAN are renal limited, it has a 
systemic form known as Henoch-Schónlein purpura, which 
includes, in addition to renal disease, an IgA leukocytoclas- 
tic angiitis of skin, arthralgias, and abdominal pain. 

The histologic findings in IgAN vary and include minimal 
mesangial alterations, segmental sclerosing disease resem- 
bling FSGS, segmental endocapillary proliferation, and, 
rarely, diffuse proliferative glomerulonephritis. Crescents 
may be seen and occasionally may be numerous. The defining 
feature of IgAN is the presence on immunofluorescence of at 
least 1+ (scale of 1—34-) dominant or co-dominant deposits of 
IgA in the absence of systemic lupus. In 2004, the Oxford 
classification of IRAN was formulated to define lesions that 
identify patients at risk for progressive disease (Table 6.6). 


Table 6.6 Oxford classification of IgA nephropathy 


Nephropathy Classification Comments 

Mesangial MO or M1 M1: >50 % of glomeruli have 

hypercellularity >3 mesangial cells in a 
mesangial area 

Segmental SO or SI S1: any amount of glomerular 

glomerulosclerosis tuft with segmental sclerosis 
or capsular adhesion 

Endocapillary EO or El E1: hypercellularity involving 

hypercellularity a capillary loop 

Tubular atrophy/ TO, Tl, orT2 T0=0-25 96, T1 226—50 96, 


T2 » 50 96 cortical area 
affected 


interstitial fibrosis 
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Fig. 6.57 IgAN. IgAN is histologically diverse. In its milder form, the 
mesangium may be minimally expanded or show only mild hypercel- 
lularity. In this case, there is mild mesangial hypercellularity with a 
mild increase in matrix 


Fig. 6.58 IgAN. The mesangial alterations are appreciated more read- 
ily with special stains. This PAS-stained specimen shows a moderate 
degree of mesangial hypercellularity (M1). Note that more than three 
mesangial cells are present within most mesangial regions. PAS stain 
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Fig. 6.59 IgAN. Segmental capillary loop proliferation (E1) and seg- 
mental sclerosis (S1) commonly occur in IgA nephropathy. This glom- 
erulus shows a capsular adhesion on the left with segmental capillary 
loop hypercellularity. PAS stain 


Fig. 6.60 IgAN. Occasionally, IgAN shows diffuse hypercellularity 
and may be crescentic. This glomerulus shows a large, nearly circum- 
ferential cellular crescent. The cellularity within the glomerulus is only 
mildly increased and primarily involves capillary loops. Jones methe- 
namine silver stain 
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Fig. 6.61 IgAN. IgAN is defined by the presence of dominant or co- 
dominant IgA immune deposits on direct immunofluorescence. 
Therefore, without immunofluorescence, the diagnosis cannot be estab- 
lished definitively. Invariably in IgAN, there are mesangial deposits. In 
some cases, deposits also involve the capillary loops. In this case, most 
deposits are mesangial. Immunofluorescence, IgA 


Fig. 6.62 IgAN. The electron-dense deposits typically are located in 
the mesangium, although subendothelial capillary loop deposits occur. 
This electron micrograph shows numerous large deposits limited to the 
mesangial matrix without capillary loop deposits. There also is diffuse 
effacement of podocyte foot processes. Electron micrograph 
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6.2.3 Glomerular Diseases due to Defects 
in the Alternative Pathway 


There are three major diseases that have in common defec- 
tive regulation of the alternative complement pathway. Two, 
dense deposit disease (DDD) and C3 glomerulopathy, are 
primary glomerular diseases and are discussed in this sec- 
tion. The third, atypical hemolytic uremic syndrome (HUS), 
is a thrombotic microangiopathy and is discussed later in this 
chapter. 


6.2.3.1 Dense Deposit Disease 

DDD is another cause of hypocomplementemic acute 

nephritic syndrome with or without nephrotic syndrome. It is 

a rare disease primarily affecting children and young adults, 

and occasionally older patients. Some patients have partial 

lipodystrophy and retinal alterations referred to as drusen. 

The serum C3 level is low, whereas serum C4 and Clq levels 

are normal. The clinical course is similar to that of pediatric 

MPGN, with a high incidence of renal failure. The etiology 

is defective complement regulation leading to a lack of 

C3bBb control. Some of the many possible defects are as 

follows: 

* C3 nephritic factor: IgG antibody that stabilizes C3 con- 
vertase (C3bBb) leading to unrestricted activation (most 
common etiology) 

* Absent factor H activity 
— Factor H deficiency 
— Factor H mutation 
— Inhibitory factor H antibody 

* Rare cause: C3 autoantibodies 
The histologic findings in DDD vary and include mild 

mesangial disease, segmental proliferation, membranopro- 
liferative changes, and exudative endocapillary proliferative 
or crescentic changes. These diverse patterns of injury have 
led to discontinuation of the terminology MPGN type II, 
because that pattern of injury occurs in only a minority of 
cases. Immunofluorescence in DDD shows a distinctive 
coarse, linear GBM reaction, with round C3 mesangial 
deposits known as mesangial rings. Up to 25 % of patients 
also have modest numbers of IgG deposits. The ultrastruc- 
tural findings are distinctive, as illustrated later, and give the 
entity its name. 
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Fig. 6.63 DDD. This example of DDD shows mild mesangial hyper- 
cellularity with increased matrix. In some cases, PAS stain reveals rib- 
bon-like enhanced staining of the capillary in regions of the dense 
deposit alteration, but this is uncommon. This case demonstrates that 
finding in several capillary loops. PAS stain 
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Fig. 6.65 DDD. This example of DDD contains segmental capillary 
loop necrosis with a cellular crescent (upper right). There is no intra- 
glomerular hypercellularity. The pattern of injury suggests other causes 
of necrotizing and crescentic glomerulonephritis. A diagnosis of DDD 
would not be expected. Jones methenamine silver stain 


Fig. 6.64 DDD. This example of DDD shows focal endocapillary pro- 
liferation in the upper left. This histologic appearance may be seen in 
any number of other forms of glomerulonephritis, particularly IgAN 
and lupus glomerulonephritis, underscoring the importance of 
immunofluorescence and clinical data 


www.ketabpezeshki.com 


Fig. 6.66 DDD. This case of DDD shows an MPGN pattern of injury 
with mesangial hypercellularity and capillary loop basement membrane 
duplication. Note the brightly stained and thickened ribbon-like altera- 
tion of the capillary loops, suggesting the diagnosis of DDD even before 
immunofluorescence or electron microscopy is performed. PAS stain 
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Fig. 6.67 DDD. This case of DDD also shows an MPGN pattern of 
injury. Although basement membrane duplication as in MPGN may be 
seen, the capillary loop basement membrane often appears thickened, 
with impaired argyrophilia on silver stain, as in this image. Jones meth- 
enamine silver stain 


Fig. 6.68 DDD. Immunofluorescence in many cases of DDD is very 
distinctive. C3 is very strong and stains the capillary loops in a coarse, 
somewhat linear fashion. The mesangium contains large rounded 
fluorescent nodules with a central dark region, often referred to as 
mesangial rings. This image shows these features, although the mesan- 
gial rings are best viewed by fine focusing up and down. Although it 
often is stated that antibodies are not detected in DDD, approximately 
25 % of cases stain positive for IgG, kappa, and lambda, and show 
electron-dense deposits, including subepithelial hump-like deposits 
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Fig. 6.69 DDD. The name dense deposit disease is derived from the 
electron microscopic findings. Note that the capillary loop basement 
membrane is markedly thickened by an extremely electron-dense alter- 
ation. These are the dense deposits that contain C3 
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6.2.3.2 C3 Nephropathy 

C3 glomerulopathy is an uncommon form of glomerulone- 
phritis. Patients present with proteinuria and microscopic 
hematuria, and may have azotemia with risk of progression 
to renal failure. C3 glomerulopathy may be familial in some 
cases. The diagnosis is predicated on demonstration of 
prominent C3 deposition often in the absence of other immu- 
noglobulin deposits. However, IgG containing immune 
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Fig. 6.70 C3 nephropathy, mesangial pattern. This is an example of 
mild disease in a patient with C3 nephropathy. There is obvious mesan- 
gial matrix increase without hypercellularity. The capillary loops are 
open, and capillary loop basement membranes are normal 


Fig. 6.71 C3 nephropathy. Immunofluorescence from the case in 
Fig. 6.70 shows only C3 deposition. The deposits are coarse and granu- 
lar and limited largely to the mesangium. There was no antibody stain- 
ing. Immunofluorescence for C3 
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deposits are present in 25 % of cases, patients have comple- 
ment defects including mutation of, or autoantibodies toward, 
one of several complement regulatory proteins. However, it 
is important to exclude infection because it may result in 
similar immunofluorescence findings. The histologic finding 
in C3 nephropathy is a proliferative glomerulonephritis in a 
mesangial or membranoproliferative pattern. Occasionally, 
subepithelial deposits may be present. 


Fig. 6.72 C3 nephropathy. Electron microscopy from the previous 
images shows large mesangial electron-dense deposits. The capillary 
loops are open and free of cellularity and deposits. There is only mild 
podocyte foot process loss 
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Fig. 6.73 C3 nephropathy, membranoproliferative pattern. This case 
shows diffuse and global hypercellularity involving both the capillary 
loops and  mesangium in a  membranoproliferative pattern. 
Immunofluorescence was positive only for C3, which was located both 
in the capillary loops and in the mesangium 
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Fig. 6.74 C3 nephropathy. This silver-stained sample from another 
case of C3 nephropathy shows open capillary loops. There is little 
mesangial alteration in this glomerulus, although in others it was more 
prominent. There is striking and widespread capillary loop basement 
membrane duplication. Jones methenamine silver stain 


Fig. 6.75 C3 nephropathy. This electron micrograph from the case in 
Fig. 6.74 shows numerous capillary loop subendothelial deposits with 
basement membrane duplication (arrows). In addition, the mesangium 
toward the bottom is filled with similar electron-dense deposits 
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6.2.4 Glomerulonephritidies with "Full-House" 
Immunofluorescence 


6.2.4.1 Lupus Glomerulonephritis 

Patients with lupus glomerulonephritis exhibit a broad spec- 
trum of clinical presentations including hematuria or low- 
grade proteinuria, acute nephritic syndrome, nephrotic 
syndrome, and rapidly progressive glomerulonephritis. In 
parallel, the histologic possibilities are vast and not only 
affect the glomeruli, but also may include tubulointerstitial 
and vascular lesions. Furthermore, lupus patients may 
develop the same complement of diseases that nonlupus 
patients develop, such as diabetic glomerulopathy, podocy- 
topathies such as MCD, FSGS, and collapsing glomerulopa- 
thy, just to name a few. 

Lupus glomerulonephritis is classified according to the 
International Society of Nephrology/Renal Pathology Society 
(ISN/RPS) Classification of Lupus Glomerulonephritis pub- 
lished in 2004 (Table 6.7). It has two categories of mesangial 
limited disease (class I and II) and two classes of capillary 
loop proliferative disease (class III and IV). In addition, 
MGN, class V, may occur. The class V lesion is similar to the 
nonlupus MGN, although mesangial changes and 
immunofluorescence differences may be seen. Class V may 
coexist with class III or class IV; when this occurs, both 
classes are reported. The class VI category is assigned to 
patients with advanced chronic glomerulonephritis. 

The typical immunofluorescence in lupus is referred to as 
a “full-house” pattern because all immune reactants may be 
positive: IgG, IgA, IgM, C3, Clq, kappa, and lambda. In 
addition, it is common for severe cases to have extraglomer- 
ular deposits involving tubular basement membranes, arter- 
ies, arterioles, and interstitium. Electron microscopy reveals 
deposits in nearly every conceivable glomerular and extra- 
glomerular location. Lupus-like immunofluorescence in a 
full-house pattern also occurs in Clq nephropathy (see 
below) and some patients with HIV. Clinical and serologic 
data are used to correctly diagnosis this condition. 


Table 6.7 2004 ISN/RPS classification of lupus glomerulonephritis 


Class* Pattern of injury 

I Minimal mesangial proliferation 

II Mesangial proliferative glomerulonephritis 

Ill Focal proliferative glomerulonephritis 

IV Diffuse proliferative glomerulonephritis-segmental 
Diffuse proliferative glomerulonephritis—global 

V Membranous glomerulonephritis 

VI Chronic sclerosing glomerulonephritis 


“Vascular and tubulointerstitial lesions have no class designation 
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Fig. 6.76 Mesangial proliferative lupus glomerulonephritis, class II. 
This example of class II disease shows mild mesangial hypercellularity. 
There are small clusters of three to five mesangial cells per mesangial 
region. PAS stain 


Fig. 6.77 Mesangial proliferative lupus glomerulonephritis, class II. 
Immunofluorescence in class II disease shows mesangial electron-dense 
deposits; electron microscopy shows similar findings. Capillary loop 
deposits may be present in small quantities because the classification is 
based on histologic findings. Immunofluorescence for IgG 
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Fig.6.78 Focal proliferative lupus glomerulonephritis, class III. Focal 
proliferative lupus glomerulonephritis, class III, is defined as prolifera- 
tive lesions involving capillary loops in <50 % of glomeruli. Typically, 
as shown here, the lesions are not only focal, but also segmental, involv- 
ing only a portion of the glomerular tuft. If identical lesions shown here 
involve more than 50 % of the glomeruli, then it qualifies for a class IV 
segmental designation. PAS stain 
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Fig. 6.79 Diffuse proliferative lupus glomerulonephritis, class IV. 
Class IV diffuse proliferative lupus glomerulonephritis has endocapil- 
lary proliferative or other severe lesions, such as wire-loop subendothe- 
lial deposits, hyaline thrombi, or crescent formation, that involve more 
than 50 % of glomeruli. Shown is a global proliferative lesion with pro- 
liferation involving both capillary loops and mesangial regions. There 
are a few inflammatory cells and a cluster of hematoxyphil bodies on 
the left. All the glomeruli in this biopsy showed similar findings 
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Fig. 6.80 Diffuse proliferative lupus glomerulonephritis, class IV. 
Diffuse proliferative lupus glomerulonephritis, class IV global, tends to 
have massive numbers of deposits. This example shows frequent round 
capillary luminal deposits similar in appearance to those in acute cryo- 
globulinemic glomerulonephritis, referred to as hyaline thrombi. In 
addition, numerous large confluent subendothelial deposits, known as 
wire-loop lesions are present 


Fig. 6.81 Diffuse proliferative lupus glomerulonephritis, class IV. 
This example of diffuse proliferative lupus glomerulonephritis, class IV 
global, shows widespread subendothelial wire-loop deposits, which 
stain light brown on silver staining. Many are associated with basement 
membrane duplication producing a membranoproliferative pattern of 
injury. Jones methenamine silver stain 
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Fig. 6.82 Diffuse proliferative lupus glomerulonephritis, class IV. 
Masson trichrome stain can highlight the wire-loop subendothelial 
deposits, as in this case of diffuse proliferative lupus glomerulonephri- 
tis, class IV global. The deposits are stained bright red 


Fig. 6.83 Combined diffuse proliferative and membranous lupus 
glomerulonephritis. Some patients have combined proliferative and 
membranous lesions, class III and V, or class IV and V. Shown is a case 
of class IV and V combined lesions. All glomeruli showed hypercellu- 
larity involving capillary loops, typical of a class IV lesion. In addition, 
there are diffuse subepithelial spikes, typical of membranous lupus, 
class V. Jones methenamine silver stain 
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Fig. 6.84 Diffuse proliferative lupus glomerulonephritis, class IV. 
Immunofluorescence in specimens from patients with proliferative 
lupus glomerulonephritis may be impressive, with glomerular and 
extraglomerular immune deposits. In this example, there are numerous 
glomerular capillary loop deposits, wire loops by light microscopy, and 
extraglomerular deposits involving tubular basement membranes and 
interstitium. Immunofluorescence, Clq stain 


Fig. 6.85 Diffuse proliferative lupus glomerulonephritis, class IV 
global. Electron microscopy demonstrates the impressive immune com- 
plex event present in a class IV lupus glomerulonephritis. This image 
shows a large subendothelial wire-loop deposit (arrow) and numerous 
mesangial deposits (bottom). Some basement membrane duplication is 
present, and the podocyte foot processes are largely effaced 
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Fig. 6.86 Diffuse proliferative lupus glomerulonephritis, class IV 
global. This case shows numerous subendothelial and mesangial depos- 
its with well-developed basement membrane duplication. There also 
are scattered subepithelial deposits with basement membrane response 
in the form of spikes. Electron micrograph 
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6.2.4.2 C1q Nephropathy 

Clq nephropathy is an immune complex glomerulonephritis 
in which there is mesangial and often capillary loop staining 
with Clq and other immunoglobulins that mimic lupus 
glomerulonephritis with a full-house immunofluorescence. 
Clq nephropathy usually presents in children and young 
adults. Patients have proteinuria and may have hematuria. 


Fig. 6.87 Clq nephropathy. In this example of Clq nephropathy with 
minimal change-like features, there is no histologic abnormality. 
Electron microscopy showed mesangial electron-dense deposits and 
diffuse podocyte foot process effacement. Jones methenamine stain 
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Fig. 6.88 Clq nephropathy. This case of Clq nephropathy shows only 
mesangial alterations. There is mild hypercellularity and mesangial 
matrix increase. Electron microscopy showed mesangial electron-dense 
deposits and diffuse podocyte foot process effacement. PAS stain 
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The clinical course varies and correlates with the histologic 
severity. Biopsies may demonstrate MCD-like features, mild 
mesangial abnormalities, or segmental sclerosing or 
segmental proliferative lesions. The diagnosis is predicated 


on prominent Clq deposition and antibody deposition, with- 
out clinical or serologic evidence of systemic lupus 
erythematosus. 


Fig. 6.89 Clq nephropathy. In the more severe form of Clq nephropa- 
thy seen here, there is segmental sclerosis with hyalinosis. This finding 
indicates a great risk of progressive disease. Jones methenamine stain 


Fig. 6.90 Clq nephropathy. The defining feature of Clq nephropathy 
on biopsy is the presence of prominent Clq staining. This image shows 
heavy Clq deposition, primarily in the mesangium. Immunofluorescence 
for Clq 
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Fig. 6.91 Clq nephropathy. This electron micrograph from the case 
shown in Fig. 6.90 reveals frequent mesangial electron-dense deposits 
toward the bottom. The capillary loop at the top is free of deposits. 
There also is diffuse effacement of the podocyte foot processes 
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6.2.5 Crescentic Glomerulonephritis 


Crescentic forms of glomerulonephritis are the most destruc- 
tive types of glomerular disease. Patients often present with 
rapidly progressive renal failure, but may have a more indo- 
lent and insidious disease if the crescentic process is less ful- 
minant. There are a variety of causes that are most easily 
resolved by a combination of immunofluorescence findings, 
clinical history, and serologic data. There are three major 
categories organized by their immunofluorescent features: 
* Type 1: linear immunofluorescence 

— Goodpasture's syndrome (GPS) 

— Antiglomerular basement membrane (AGBM) disease 
* Type 2: granular immunofluorescence (not discussed 

further) 

— Diverse types of primary and secondary immune com- 
plex disease (e.g., APIGN, MPGN, lupus glomerulo- 
nephritis, IgAN) 

* Type 3: immunofluorescence negative/pauci-immune 

— Antineutrophil cytoplasmic antibody (ANCA)- 
mediated crescentic diseases 
* Renal-limited crescentic glomerulonephritis 
* Systemic vasculitis involving the kidney 

— Idiopathic crescentic  glomerulonephritis 
negative) 


(ANCA 


6.2.5.1 Goodpasture's Syndrome 

and Antiglomerular Basement 

Membrane Disease 
Ernest Goodpasture, a virologist, described the autopsy 
findings and microbiologic culture results in two patients 
who died during the 1919 swine flu epidemic. One patient 
was an 18-year-old man who died with hemoptysis and acute 
renal failure. The eponym Goodpasture's syndrome, was 
coined by Stanton and Tange in 1958 for the clinical presen- 
tation of renal failure and alveolar hemorrhage. It is reserved 
today for a pulmonary-renal syndrome caused by AGBM 
antibodies. Ironically, Goodpasture's original patient likely 
did not have this disease. 

Patients with GPS present with rapidly progressive and 
typically irreversible renal failure and alveolar hemorrhage. 
They usually have preexisting pulmonary injury, most com- 
monly as the result of smoking. When renal-limited disease 
due to AGBM antibody is present, it is referred to as AGBM 
disease. The Goodpasture's antibody is directed toward the 
NCI domain of the a3 chain of type IV collagen. Antibodies 
to the a5 chain also are often present. The histologic finding 
typically is a diffuse necrotizing process with exuberant 
crescent formation. It is the most destructive form of glom- 
erular injury. 
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6.2.5.2 Pauci-immune Crescentic 
Glomerulonephritis 
Pauci-immune crescentic glomerulonephritis refers to cres- 
centic glomerulonephritis that develops in patients with one 
of several types of systemic vasculitis, most often micro- 
scopic polyangiitis and granulomatosis with polyangiitis 
(Wegener’s granulomatosis), or in patients with renal-limited 
crescentic disease. The term pauci-immune is used because 
some patients demonstrate modest numbers of immune 
deposits, although in most cases they are negligible. Some 
patients, however, have a moderate number of deposits and 
present with significant proteinuria. This combination should 
prompt consideration of the co-existence of two diseases. 
Most examples (80 %) of pauci-immune crescentic glom- 
erulonephritis will have circulating ANCAs. Cases that are 
ANCA negative have been referred to as idiopathic crescentic 


Fig. 6.92 Crescentic glomerulonephritis. Crescent refers to the pres- 
ence of an extraglomerular cellular reaction following capillary loop 
disruption. The crescent is composed primarily of epithelial cells 
derived from Bowman’s capsule (parietal epithelial cells). Inflammatory 
cells also are present, especially in the early lesions. This glomerulus 
contains a large circumferential cellular crescent. The glomerular tuft is 
in the center. It is collapsed, and its structure is difficult to assess by 
hematoxylin and eosin stain 
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glomerulonephritis. ANCAs are autoantibodies directed 
against cytoplasmic antigens present within primary gran- 
ules of neutrophils and lysosomal granules of monocytes. 
They are useful in the diagnosis and monitoring of patients 
with systemic vasculitis and renal-limited crescentic glom- 
erulonephritis. There are two major ANCA patterns by indi- 
rect immunofluorescence: 
C-ANCA: cytoplasmic pattern 
Major specificity: proteinase 3 
Major clinical association: granulomatosis with polyangiitis 
P-ANCA: perinuclear pattern 
Major specificity: myeloperoxidase 
Major clinical associations 
Microscopic polyangiitis 
Renal-limited crescentic glomerulonephritis 


Fig. 6.93 Crescentic glomerulonephritis. This glomerulus shows the 
initial lesion that leads to crescent formation, segmental necrosis. Note 
the large mass of fibrin in Bowman’s space, which is the result of capil- 
lary loop disruption. Surrounding the fibrin mass are a few epithelial 
cells, whose numbers will increase rapidly, forming a cellular crescent 
as shown in Fig. 6.92 
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Fig.6.94 Capillary loop disruption. Crescents form after disruption or 
necrosis of the capillary loop basement membrane, a finding identified 
most readily on silver stain. This glomerulus has two points of GBM 
disruption (arrow). Fibrin is beginning to spill into Bowman’s space, 
and a cellular reaction (crescent) has just begun to form. Most of the 
glomerular tuft itself is normal, a typical finding in both AGBM- 
mediated disease and pauci-immune crescentic glomerulonephritis. 
Jones methenamine silver stain 
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Fig. 6.95 Crescentic glomerulonephritis. In the early crescentic 
lesions, fibrin may be abundant and nicely demonstrated with trichrome 
stain. Over time, the fibrin breaks down and becomes inconspicuous as 
the epithelial cells lay down matrix (“healing”). The crescent evolves 
through a fibrocellular, then a fibrous, stage as the cellularity diminishes 
and matrix dominates the lesion. Masson trichrome stain 
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Fig. 6.96 Crescentic glomerulonephritis. Fibrin also may be demon- 
strated readily in the active stage of necrotizing injury and crescent for- 
mation with direct immunofluorescence for fibrinogen. Identifying 
fibrin in Bowman’s space indicates capillary loop disruption and a cres- 
centic process but does not allow identification of the underlying dis- 
ease. Immunofluorescence, fibrinogen stain 


Fig.6.97 Crescentic glomerulonephritis. Fibrin is very electron dense 
and has a stringy appearance on electron microscopy. This image shows 
a mass of fibrin at the bottom. The fibrin is enveloped by cells of the 
cellular crescent 
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Fig. 6.100 AGBM-mediated crescentic glomerulonephritis. Good- 


Fig. 6.98 Crescentic glomerulonephritis. This glomerulus contains a 
circumferential cellular crescent. The glomerular tuft appears normal; 
thus, either AGBM-mediated or pauci-immune/ANCA-mediated dis- 
ease is a possibility. At the /ower left, there are silver strands within 
Bowman's space representing the initial phase of organization of the 
crescent. Jones methenamine silver stain 
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Fig. 6.99 AGBM-mediated crescentic glomerulonephritis. Paradox- 
ically, the crescents in AGBM antibody—mediated disease frequently 
have one or more multinucleated giant cells of histiocytic lineage. This 
glomerulus contains one multinucleated giant cell in the center. 
Although giant cells may be seen in granulomatosis with polyangiitis, 
they are very rare in that context as well as in other glomerular diseases 
with crescent formation 
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pasture’s syndrome and AGBM disease are morphologically identical 
and separated on clinical grounds. Both diseases often are extremely 
destructive, more so than most cases of pauci-immune/ANCA-mediated 
disease. In this case, every glomerulus showed extreme degrees of necro- 
sis. Note that only a remnant of the glomerular tuft is present; most of 
it has been destroyed. Bowman’s space is filled with red cells and fibrin 
with an early cellular response. Jones methenamine silver stain 


Fig.6.101 AGBM-mediated crescentic glomerulonephritis. The diag- 
nostic finding in both Goodpasture’s syndrome and AGBM disease is a 
strong, delicate linear reaction for IgG along all capillary loop base- 
ment membranes. Complement may be linear or interrupted in its stain- 
ing pattern. Immunofluorescence for IgG 
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6.3 Collagen Nephropathies 
There are several diseases in which there are abnormalities 
of collagen type III or IV. These entities can be grouped 
together in a category of renal disease known as the “colla- 
gen nephropathies.” These diseases usually are not recog- 
nized on biopsy until their distinctive ultrastructural findings 
are identified. Clinical data may suggest the diagnosis when 
a positive family history or the extrarenal stigmata of nail- 
patella syndrome are present. The light microscopic features 
are nonspecific and range from minimal change-like lesion 
to segmental sclerosis in the type IV collagen nephropathies 
and in nail-patella syndrome. Mesangial proliferative and 
MPGN changes occur in collagen type III nephropathy/ 
collagenofibrotic glomerulopathy. Only the typical ultra- 
structural findings of these entities are shown in the follow- 
ing illustrations. 

Collagen nephropathies are classified as follows: 
* Collagen type IV 

— Alport's syndrome 


— Thin GBM nephropathy 
* Collagen type III 
— Collagen type II  nephropathy/collagenofibrotic 


glomerulopathy 
— Nail-patella syndrome 


6.3.1 Alport's Syndrome 


Alport's syndrome is a genetically complex disease most 
often representing an X-linked disorder caused by mutations 
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in the a5 chain of type IV collagen. However, homozygous 
mutations in the a3 or a4 chain of type IV collagen also 
occur, resulting in a rare autosomal recessive disease form 
and a very rare autosomal dominant disease. Patients with 
Alport's syndrome initially present with hematuria but pro- 
gressively develop worsening proteinuria, leading to renal 
failure. Many patients also have hearing loss, ocular changes, 
or both. 


Fig. 6.102 Alport's syndrome. Electron microscopy in Alport's syn- 
drome shows variable segments of glomerular capillary loop basement 
membrane thinning and thickening. In the thickened segments, the 
basement membrane shows irregular scalloping along the inner and 
outer aspects with delicate mutlilayered splitting, referred to as lamel- 
lation. Shown are three capillary loops showing this feature. Rarified 
foci with tiny electron-dense granulations also may be observed, but 
these are not present in this image 
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6.3.2 Thin Basement Membrane Nephropathy 


GBM thinning is a common abnormality that has been 
detected at least segmentally in up to 10 % of patients. Often 
there is a family history of hematuria. Thin basement mem- 
brane nephropathy is a benign nonprogressive disorder in the 
vast majority of patients; however, rare progressive cases 
have been reported. The normal GBM in adults ranges from 
300 to 350 nm, with men having slightly thicker measure- 
ments than women. To qualify for a diagnosis of thin base- 
ment membrane nephropathy, patients must have hematuria 
and generalized thinning, usually in the range of 200-250 nm. 
Children have thinner basement membranes, so the threshold 
for diagnosis is age dependent. 


Fig. 6.103 Thin basement membrane nephropathy. Electron micros- 
copy in thin basement membrane nephropathy simply shows general- 
ized thinning. The GBM in this image is approximately 50 % thinner 
than normal. Generally, there is preservation of the podocyte foot pro- 
cess because patients do not have significant proteinuria. There is dif- 
fuse podocyte foot process effacement in this case because the patient 
also has MCD 
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6.3.3 Nail-Patella Syndrome 


Nail-patella syndrome is an autosomal dominant disease in 
which patients have hypoplastic or absent patella, bony 
abnormalities of elbows, dystrophic fingernails and toenails, 
and iliac horns. Approximately 50 96 of patients develop pro- 
teinuria, although progression to renal failure affects less 
than 10 96 of patients overall. The disease is caused by a 
mutation of the LMX/B gene on chromosome 9. The histo- 
logic features are nonspecific, with glomerulosclerosis and 
secondary tubulointerstitial scarring. The ultrastructural 
changes are diagnostic. There is GBM thickening with 
rarified foci that contain curvilinear collagen III bundles. 
Tannic acid or phosphotungstic acid staining enhances the 
visibility of the collagen fibers and their banded periodicity. 


Fig.6.104 Nail-patella syndrome. Electron microscopy in nail-patella 
syndrome shows lucent foci in the capillary loop basement membrane 
imparting a fenestrated appearance. Within these foci are collagen 
fibers (arrow). Tannic or phosphotungstic acid staining enhances the 
visibility of the collagen fibers. The podocytes show diffuse effacement 
of their foot processes 


Fig.6.105 Nail-patella syndrome. The banded collagen fibers (arrow) 
are revealed most readily when sections are stained with phosphotung- 
stic acid, as in this example. Electron micrograph 
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6.3.4 Collagen Type lll Nephropathy/ 
Collagenofibrotic Glomerulopathy 


Collagen type III nephropathy, also known as collagenofibrotic 
glomerulopathy, is a rare systemic disease of type III colla- 
gen. The kidneys appear to be the main end organ damaged. 
Most cases have been reported in Japanese patients, and 
many cases appear to be familial. Patients present with severe 
proteinuria, hematuria, hypertension, and renal failure, and 
most develop end-stage kidney disease. Patients have 
increased levels of procollagen type III in serum and urine, a 
useful confirmatory test. 

Histologic findings include a lobular glomerulonephritis 
with capillary loop thickening and occasional double con- 
tours. Electron microscopy reveals short curvilinear collagen 
fibrils in the mesangium and along the subendothelial space. 
Tannic acid or phosphotungstic acid staining enhances the 
visibility of the collagen fibers and their banded periodicity. 
Immunohistochemical staining for collagen type III can 
confirm the diagnosis. 


Fig. 6.106 Collagen type III nephropathy. In collagen type III neph- 
ropathy, there is generalized capillary loop thickening. This case stained 
with phosphotungstic acid shows that the thickening is the result of 
short curvilinear segments (arrow) of subendothelial collagen fibers. 
These are associated with accumulation of electron-dense material that 
is not immune deposits. There also is basement membrane duplication. 
Electron micrograph 
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6.4 Thrombotic Microangiopathy 
Thromobotic microangiopathy is a morphologic lesion that 
may develop in many pathogenetically distinct diseases. 
Patients often present with diagnostically useful laboratory 
abnormalities, such as thrombocytopenia, microangiopathic 
hemolytic anemia, peripheral blood schistocytes, and ele- 
vated lactate dehydrogenase levels. However, in smoldering 
or indolent cases, these findings may be minimally abnormal 
or absent. 

There are two classic thrombotic microangiopathic syn- 
dromes: hemolytic uremic syndrome (HUS) and thrombotic 
thrombocytopenic purpura (TTP). HUS is characterized by 
the presence of renal failure, thrombocytopenia, and microan- 
giopathic hemolytic anemia. TTP is characterized by neuro- 
logic symptoms, thrombocytopenia, microangiopathic 
hemolytic anemia, fever, and renal failure. 


6.4.1 Hemolytic Uremic Syndrome 

HUS is divided into two major categories: diarrhea-associ- 
ated HUS and atypical HUS not associated with diarrhea. 
The former is the most common cause of pediatric acute 
renal failure. It is a food-borne illness usually secondary to 
verotoxin-producing bacteria, especially Escherichia coli. It 
has a good prognosis with a high rate of recovery. Atypical 
HUS has a poor prognosis with a high incidence of renal 
failure and death. It often is the result of genetic or acquired 
disorders of one of several alternative complement pathway 
regulatory proteins. 


6.4.2 Thrombotic Thrombocytopenic Purpura 


TTP results from von Willebrand factor/ADAMTS13 
deficiency. This deficiency may have one of several causes, 
including a genetic disorder of ADAMTS13, acquired auto- 
immune cause, or defective cobalamin metabolism. It has a 
poor prognosis, with a significant risk of renal failure and 
death. 

A variety of other clinical disorders have thrombotic 
microangiopathy as a primary morphologic finding 
(Table 6.8). None has distinguishing morphologic features, 
so clinical information is critical to the diagnosis. Thrombotic 
microangiopathies of all causes may have a range of acute 
and chronic features. The acute lesions include necrosis of 
endothelial cells, vascular smooth muscle cells, and glomer- 
ular mesangial cells, leading to microvascular thrombosis 
and mesangiolysis. The chronic lesions represent repair that 
leads to vascular occlusion and capillary loop basement 
membrane duplication. Several examples of thrombotic 
microangiopathy were illustrated previously. 
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Table 6.8 Thrombotic microangiopathies 


Primary thrombotic microangiopathies 
Hemolytic uremic syndrome 
Classic hemolytic uremic syndrome 
Atypical hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 
Secondary causes of thrombotic microangiopathy 
Disseminated intravascular coagulation 


Malignant hypertension (see Figs. 4.11, 4.12, 4.13, 4.14, 4.15, 
4.16, 4.17, and 4.18) 


Antiphospholipid antibodies 
Scleroderma renal crisis 
Postpartum hemolytic uremic syndrome 
HIV-associated thrombotic microangiopathy 
Irradiation-associated thrombotic microangiopathy 
Drugs 

Chemotherapeutic agents 

Calcinuerin inhibitors (see Fig. 5.40) 

Cocaine 

Oral contraceptives 


Fig. 6.107 Hemolytic uremic syndrome-associated acute thrombotic 
microangiopathy. Acute thrombotic microangiopathy may affect glom- 
eruli, arterioles, and small arteries. In this example, there is afferent 
arteriolar thrombosis (arrow) that has extended into the glomerulus, 
which is largely necrotic. The pale material is a large platelet-fibrin 
thrombus containing numerous fragmented red blood cells 


www.ketabpezeshki.com 


6 Glomerular Diseases 


Ma 


Fig. 6.108 HUS-associated acute thrombotic microangiopathy. In this 
example of classic pediatric diarrhea-associated HUS, the hilar afferent 
arteriole is massively dilated by a fibrin thrombus 


Fig. 6.109 HIV-associated acute thrombotic microangiopathy. This 
patient with HIV presented with acute renal failure. Biopsy showed 
acute thrombotic microangiopathy affecting this afferent arteriole 
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Fig. 6.110 Factor V Leiden deficiency-associated chronic thrombotic 
microangiopathy. This arteriole shows a chronic occlusive lesion result- 
ing from fibrin breakdown and organization. The severely thickened 
intima has obliterated the lumen (arrow). The glomeruli show severe 
ischemic capillary loop wrinkling 


Fig. 6.111 Chronic thrombotic microangiopathy. This artery is 
occluded. The thrombosis has resolved, but the intima is severely thick- 
ened with myointimal cell ingrowth and abundant loose basophilic 
ground substance, often referred to as mucoid intimal thickening. 
Continued cell proliferation and matrix formation will occur, leading to 
fixed luminal occlusion. Masson trichrome stain 
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6.5 Glomerular Diseases Associated 
with Paraprotein Deposition 


and/or Structured Deposits 


There are four major glomerular diseases in which there is 
formation of structured deposits or paraprotein deposits in 
glomeruli and other locations: 

* Amyloidosis 

* [mmunoglobulin and light chain deposition diseases 

* Fibrillary glomerulopathy 

* Immunotactoid glomerulopathy 

Each entity demonstrates distinctive immunohistochemi- 
cal features and ultrastructural appearances, permitting diag- 
nostic discrimination with relative ease. In most cases, 
selected laboratory testing and Congo red stain are recom- 
mended to confirm the diagnosis. 

In addition, cryoglobulinemic glomerulonephritis occa- 
sionally may have structured microtubular deposits (see 
Fig. 6.56), but in most cases of cryoglobulinemic glomerulo- 
nephritis, the deposits lack structure. Structured immune 
complex deposits also are encountered occasionally in 
patients with lupus glomerulonephritis (i.e., fingerprint 
deposits). These two entities are not illustrated in this 
section. 


6.5.1 Amyloidosis 

Amyloidosis is a protein-folding deposition disease in which 
9-11-nm fibrils with a reverse B-pleated sheet structure accu- 
mulate in a variety of organs. Renal involvement causes 
nephrotic syndrome and invariably is a relentless progressive 
disorder. Many patients have extrarenal disease that may 
have greater prognostic importance, especially with cardiac 
involvement. More than 20 amyloidotic proteins have been 
identified, and the list will continue to expand. Light chain— 
derived amyloid, known as AL amyloid, is the most common 
form of amyloidosis, followed by AA amyloid. The third 
most common form of amyloid is a family of hereditary 
amyloid syndromes, autosomal dominant disorders that usu- 
ally present after the age of 50. They result from a single 
amino acid substitution in the amyloidotic protein. The most 
common types of amyloid are listed in Table 6.9. 
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Table 6.9 Most common amyloid types 


Type Abbreviation 
Light chain-derived amyloid AL 
Amyloid-associated protein AA 
Hereditary amyloid syndromes 
Transthyretin ATTR 
Apolipoprotein A-I ApoAI 
Apolipoprotein A-II ApoAII 
Cystatin C ACys 
Lysozyme ALys 
Fibrinogen Aa-chain AFib 
Gelsolin AGel 
Leukocyte chemotaxic factor 2 ALEC2 
Dialysis-associated B,-microglobulin A p,m 


Solid malignancy-associated amyloid syndromes 
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Fig. 6.112 Amyloidosis. Amyloid deposition preferentially affects 
glomeruli in most cases, but interstitial or vascular involvement also 
occurs. Amyloid deposits have a pale waxy appearance. They are usu- 
ally acellular but may elicit a giant cell reaction. Glomerular amyloid 
usually forms first within the mesangium and may resemble diabetic 
mesangial matrix increase. With continued formation, amyloid progres- 
sively involves capillary loops, as shown in this example. The cellular- 
ity of the glomerulus will decrease as tuft obliteration occurs 
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Fig. 6.113 Amyloidosis. Silver staining in cases of amyloidosis often 
is distinctive. Amyloid may completely lack affinity for the silver stain, 
appearing as nonstained zones of glomerular tuft expansion, as shown 
here. Jones methenamine silver stain 


Fig. 6.114 Amyloidosis. In some cases of amyloidosis, the amyloid 
will have affinity for the silver stain. Not only may amyloid involve the 
glomerular tuft, but parallel arrays of fibrils may extend through the 
basement membranes and form long delicate spike-like formations. In 
contrast to spikes of MGN, in the spicular form of amyloidosis the 
spikes are longer and do not involve all loops. This example shows the 
sensitivity of silver stain in demonstrating minute quantities of amyloid 
when it forms argyrophilic spicular arrays (arrows). Jones methenamine 
silver stain 
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Fig. 6.115 Amyloidosis. Amyloidosis commonly involves arteries 
and the interstitium, usually associated with severe glomerular deposi- 
tion. Rarely, these sites may be the predominant site of involvement and 
patients present with severe hypertension or renal failure, respectively, 
without significant proteinuria. In this case, there is massive asymmet- 
ric involvement of an interlobular artery. The glomeruli also were 
involved 
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Fig. 6.116 Amyloidosis. Interstitial involvement by amyloidosis may 
be cortical or medullary, and may be the only or predominant site of 
involvement, especially in familial forms and in leukocyte chemotaxic 
factor 2 amyloidosis. Shown is a case of familial amyloidosis due to a 
transthyretin mutation. The biopsy showed only medullary interstitial 
involvement. The patient presented with renal failure and minimal 
proteinuria 
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Fig. 6.117 Amyloidosis. A definitive diagnosis of amyloidosis 
requires Congo red stain positivity. Under regular light microscopy, 
amyloid stains red to orange on Congo red and appears pale apple green 
when polarized. This artery containing amyloid deposits shows the 
characteristic apple green birefringence under polarization microscopy 


Fig. 6.118 Amyloidosis. AL amyloidosis, the most common form, 
often can be identified by immunofluorescence when light chain restric- 
tion is present. In this case, the lambda light chain stain is positive 
whereas the kappa light chain stain is negative. Amyloid deposits may 
be seen in the glomerulus to the left and involving several arterioles to 
the right. Immunofluorescence, lambda stain 
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Fig. 6.119 Amyloidosis. AA amyloidosis, the second most common 
type, is associated with chronic inflammatory states and familial 
Mediterranean fever. Shown is a case of rheumatoid arthritis—associated 
AA amyloidosis with mild glomerular involvement. Immunoperoxidase, 
AA stain 


Fig. 6.121 Amyloidosis. As revealed at high magnification, amyloid 
is composed of thin, delicate fibrils, often distributed randomly. The 
fibrils usually measure 9-11 nm. Electron micrograph 


Fig. 6.120 Amyloidosis. In cases of amyloidosis, electron microscopy 
defines the location of the deposition and demonstrates its characteristic 
thin delicate fibrillar appearance. The fibrillar appearance requires high 
magnification to see because of the small size of the fibrils. This image 
shows mesangial deposition that also has extended to involve capillary 
loops (arrow). Note the sparse cellularity. Electron micrograph 
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6.5 Glomerular Diseases Associated with Paraprotein Deposition and/or Structured Deposits 


6.5.2 Immunoglobulin/Light Chain 


Deposition Disease 


Immunoglobulin/light chain deposition disease refers to a 
group of paraprotein-associated disorders in which granular 
deposits of a monoclonal light chain, monoclonal heavy 
chain, or combined monoclonal heavy and light chains are 
deposited in glomeruli and nephron basement membranes, 
including Bowman’s capsule and tubular basement mem- 
branes. Glomerular involvement often results in marked 
nodular mesangial expansion that strongly resembles nodu- 
lar diabetic glomerulosclerosis. Although most patients have 
myeloma at the time of renal diagnosis, this lesion may pres- 
ent many years in advance of clinically overt neoplastic 
disease. 


Fig. 6.122 Immunoglobulin/light chain deposition disease. Immuno- 
globulin/light chain deposition disease is difficult to recognize by light 
microscopy. The major histologic abnormality is mesangial expansion 
due to paraprotein deposition. Like amyloidosis, this disease often 
strongly resembles nodular diabetic glomerulopathy. This case of kappa 
light chain deposition disease demonstrates modest mesangial matrix 
increase with early nodule formation, identical to changes that could be 
seen in diabetic glomerulopathy. PAS stain 
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Fig. 6.123 Immunoglobulin/light chain deposition disease. The 
immunofluorescence findings in immunoglobulin/light chain deposi- 
tion disease make its diagnosis straightforward. Either there is a light 
chain restriction or a single heavy chain, or the light chain restriction 
includes a heavy chain, usually IgG. The positive reaction invariably 
highlights tubular basement membranes, Bowman's capsule, glomeru- 
lar capillary loops, and mesangium, as in this case. Immunofluorescence, 
kappa stain 


Fig. 6.124 Immunoglobulin/light chain deposition disease. The para- 
protein deposits are electron dense and finely granular. They form in the 
mesangium and may result in prominent nodular mesangial expansion, 
as in this case. The deposits also locate along the inner aspect of the 
capillary loop basement membrane (arrow) 
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Fig. 6.125 Immunoglobulin/light chain deposition disease. Because 
the tubular basement membranes invariably are involved in this process, 
they are very useful in confirming the diagnosis in equivocal cases. The 
granular paraprotein deposits are located along the outer aspect of the 
tubular basement membrane (arrow) and extend into the adjacent inter- 
stitium, as shown here 
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6 Glomerular Diseases 
6.5.3 Fibrillary Glomerulopathy 


Fibrillary glomerulopathy is an uncommon type of immune 
complex glomerulonephritis in which the immune deposits 
assume a fibrillary appearance by electron microscopy. 
Fibrillary glomerulopathy is a disease of older adults and 
primarily affects whites. Patients present with hematuria 
and proteinuria, which may be in the nephrotic range. 
Azotemia at onset is typical, and progression to renal 
failure is common. The histologic finding most often is a 
mesangial proliferative or membranoproliferative pattern. 
Immunofluorescence stains strongly for IgG, C3, kappa, and 
lambda. The fibrillary deposits bear superficial resemblance 
to amyloid fibrils. However, they are distinguished from 
amyloid fibrils because they are approximately twice the 
diameter of amyloid fibrils; demonstrate a positive reaction 
for IgG, C3, and both light chains; and are Congo red 
negative. 


Fig.6.126 Fibrillary glomerulopathy. This case of fibrillary glomeru- 
lopathy shows global hypercellularity, a common presentation, although 
lesser degrees of cellularity do occur. A few neutrophils are present, 
which also is not unusual 
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6.5 Glomerular Diseases Associated with Paraprotein Deposition and/or Structured Deposits 


Fig. 6.127 Fibrillary glomerulopathy. The fibrillary deposits, both 
those within the mesangium and those involving the capillary loops, 
often are extensive. They are weakly argyrophilic, resulting in lucent 
mesangial expansion, as shown here. Capillary loop basement mem- 
brane duplication also may be present, as in the case, producing a mem- 
branoproliferative pattern of injury. Jones methenamine silver stain 


Fig.6.128 Fibrillary glomerulopathy. The deposits in fibrillary glom- 
erulopathy stain for IgG, C3, kappa, and lambda, as in other IgG- 
mediated immune complex diseases. The deposits often appear more 
lumpy or smudgy compared with the more granular appearance of other 
immune complex diseases. This permits many cases to be suspected 
before electron microscopic demonstration of the distinctive fibrillary 
structure of the deposits 
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Fig. 6.129 Fibrillary glomerulopathy. The deposits in fibrillary glom- 
erulopathy invariably are mesangial and frequently also involve the 
capillary loops. The capillary loop deposits usually are intramembra- 
nous. At low magnifications, the deposits often impart a “dirty” appear- 
ance to the expanded mesangium and thickened GBM. Higher 
magnification allows the fibrillary substructure to be appreciated. The 
deposits in this case stain much darker than the fibrillary deposits in 
most cases. Electron micrograph 


Fig.6.130 Fibrillary glomerulopathy. The fibrillary deposits resemble 
amyloid fibrils. They are in random arrays; however, they have a much 
larger diameter (in the 20—30-nm range). Electron micrograph 
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6.5.4 Immunotactoid Glomerulopathy 
Immunotactoid glomerulopathy shares many features with 
fibrillary glomerulopathy, such as clinical presentation with 
proteinuria and hematuria, clinical course, and the immune 
complex nature of the deposits. However, in contrast to 
fibrillary glomerulopathy, patients tend to be older and there 
is an association with monoclonal gammopathy and hemato- 
logic neoplasia. The ultrastructural appearance of the depos- 
its is unique; they consist of long hollow tubules in parallel 
arrays, which their name attempts to capture. 


Fig. 6.131 Immunotactoid glomerulopathy. The histology and 
immunofluorescence findings in immunotactoid glomerulopathy are 
similar to those in fibrillary glomerulopathy. The morphologic distinc- 
tion is predicated on the microtubular structure on electron microscopy. 
Shown are large electron-dense accumulations containing curvilinear 
tubular structures. Electron microscopy 


Fig. 6.132 Immunotactoid glomerulopathy. This case of immunotac- 
toid glomerulopathy contains deposits composed entirely of uniform 
compact masses of microtubules. Electron microscopy 
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6.6 Metabolic and Storage Diseases 
Diabetic glomerulopathy is overwhelmingly the most com- 
mon metabolic glomerular disease. Conversely, there are 
several very rare renal diseases resulting from enzyme muta- 
tions that perturb intracellular metabolic pathways or affect 
the function of transport proteins, leading to a number of 
storage diseases. Examples of several are as follows: 
* Diabetic glomerulopathy 
* Idiopathic nodular glomerulosclerosis 
* Lipid storage diseases 

— Familial lecithin-cholesterol acyltransferase (LCAT) 

deficiency 

— Lipoprotein glomerulopathy 

— Type III hyperlipoproteinemia 
* Lysosomal storage diseases 

— Fabry's disease 

— Nephrosialidosis 

— I-cell disease 
* Glycogen storage diseases (GSDs) 

— GSD type Ia (von Gierke's disease) 

— GSD type Ib 
* Membrane transport disorders 

— Cystinosis (for nephropathic cystinosis, see Figs. 3.150 

and 3.151) 


6.6.1 Diabetic Nephropathy 

Diabetic nephropathy is the most common cause of 
proteinuria and nephrotic syndrome, and is the leading cause 
of end-stage renal disease. Diabetic nephropathy, however, 
fortunately does not develop in every patient with diabetes. 
When it does develop, it usually requires 8-10 years of 
diabetes before clinically overt nephropathy is evident. 
Microalbuminuria indicates the onset of nephropathy. Once 
microalbuminuria develops, nephropathy is inevitable, 
although its rate of evolution varies among patients. There is 
a morphologically identical nodular glomerulopathy, known 
as idiopathic nodular glomerulosclerosis, that develops in 
nondiabetics. These patients usually are smokers who have 
hypertension or the metabolic syndrome. These conditions, 
like diabetes, result in elevation of advanced glycation end 
products in the blood, which affects glomerular matrix pro- 
duction and turnover. It is not illustrated here because it is 
indistinguishable from nodular diabetic glomerulopathy; it is 
a diagnosis of exclusion. 
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Fig. 6.133 Diabetic glomerulopathy. In established diabetic glomeru- 
lopathy, there is diffuse mesangial matrix expansion and acellular 
mesangial nodule formation known as Kimmelstiel-Wilson nodules. 
Two prominent mesangial nodules are present in this glomerulus 


Fig. 6.134 Diabetic glomerulopathy. PAS stain highlights the mesan- 
gial expansion in diabetic glomerulopathy, and it is particularly useful 
with mild disease. In this example of mild diabetic glomerulopathy, 
note that in addition to mesangial matrix expansion there is mild seg- 
mental mesangial hypercellularity, a common feature 


www.ketabpezeshki.com 


Fig.6.135 Diabetic glomerulopathy. The severity of mesangial expan- 
sion and nodule formation is remarkably variable both between glom- 
eruli and within a glomerulus. This image shows a large nodule and 
smaller nodules with several mesangial regions showing no nodule for- 
mation, only mild mesangial sclerosis. Jones methenamine silver stain 


EP TS 7 yD ct A | 
"». +’ &*. Ga £ | 
- "EE i "Le - a 
» " con 3 R 5 o ^. " 
- > 4 HE rd 
e be » 
Spey ee. : 
1] a 
1 ; €» Ng ves, ? 
. à , Få « 
B E ed 5 » a 
a* $ "o s ? p 
> Á. : c ^ 
» d tas d > 
^ » "2 ^ " 9 E y 4- | 
i T * 9 S mN * A 
» > 5s 
, 2^ 2 € » > a i 
- i ` 
F : » = A 
\ iy ^ V ez 
s> 
* uv 


Fig. 6.136 Diabetic glomerulopathy. A finding highly correlated with 
but not specific for diabetes is the combination of afferent and efferent 
arteriolar hyalinosis. This glomerulus shows hyalinosis that has affected 
both arterioles. Despite the severity of the arteriolar lesions, the glom- 
erulus does not show severe mesangial sclerosis 
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Fig. 6.137 Diabetic glomerulopathy. The first ultrastructural abnor- 
mality that develops in diabetic glomerulopathy is capillary loop base- 
ment membrane thickening. The normal GBM thickness in adults 
ranges from 300—350 nm. In diabetic glomerulopathy, GBMs may be 
thickened to three to four times normal. Mesangial matrix increase fol- 
lows GBM thickening. Both severe GBM thickening and mesangial 
matrix increase are illustrated in this image. Electron micrograph 
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6.6.2 Familial LCAT Deficiency 


Familial LCAT deficiency is an autosomal recessive disorder 
resulting from mutations in the LCAT gene located on 
chromosome 16q21-q22. The LCAT enzyme is responsible 
for cholesterol esterification. The mutations result in 
marked elevation of the plasma concentrations of unesterified 
cholesterol, triglycerides, and phosphatidylcholine, with 
resultant lipid deposition in multiple organs. Renal involve- 
ment is common. Patients present as a neonate or in child- 
hood with proteinuria; renal insufficiency develops several 
decades later. The glomeruli are the principal site of renal 
involvement. 


Fig.6.138 Familial LCAT deficiency. This glomerulus shows general- 
ized pallor without hypercellularity or sclerosis. The pallor is caused by 
the accumulation of foamy lipid within the mesangium and capillary 
loops. This is a subtle finding on routine hematoxylin and eosin stain 
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Fig. 6.139 Familial LCAT deficiency. The subtle vacuolization is 
more apparent at higher magnification, especially within the mesan- 
gium. There is capillary loop thickening, but its cause may be uncertain 
because the presence of abundant lipid deposition is difficult to 
appreciate 


Fig. 6.141 Familial LCAT deficiency. Electron microscopy demon- 
strates the abundant lipid deposits that have expanded the mesangium 
and involve the capillary loops. The lipid itself is largely extracted dur- 
ing processing, leaving the mesangium and capillary loops riddled with 
lucent defects (arrows). Tiny lipid remnants remain. The subendothelial 
lipid deposits in this case have induced capillary loop basement mem- 
brane duplication. Electron micrograph 


Fig. 6.140 Familial LCAT deficiency. The vacuolated nature of the 
expanded mesangium is readily demonstrated on silver stain. The capil- 
lary loop basement membranes also may have a vacuolated appearance 
or show a double contour. In this glomerulus, the mesangium is vacuo- 
lated but the capillary loops appear unaffected. Jones methenamine sil- 
ver stain 
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Fig. 6.142 Familial LCAT deficiency. In this portion of the glomeru- 
lus, lipid deposits have occluded the capillary loop and permeate 
throughout the mesangial matrix. Although much of the lipid material 
has been extracted during processing, there are black lamellar and cur- 
vilinear remnants. Electron micrograph 
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6.6.3 Lipoprotein Glomerulopathy 


Lipoprotein glomerulopathy is a rare autosomal recessive 
disorder associated with severe proteinuria and progression 
to renal failure. The vast majority of patients are Asian. 
Patients have an elevation of f-lipoprotein and pre 
—p-lipoprotein. Apolipoprotein E levels also are elevated in 
the serum. 


Fig.6.145 Lipoprotein glomerulopathy. The lipoprotein thrombi show 
no significant staining on silver stain. Immunofluorescence will be neg- 
ative for immune reactants. Jones methenamine silver stain 


Fig. 6.143 Lipoprotein glomerulopathy. There is diffuse mesangial 
hypercellularity in lipoprotein glomerulopathy. However, the most 
striking finding is in the glomerular capillaries, which are distended by 
pale, wispy-appearing lipoprotein “thrombi” 


Fig. 6.146 Lipoprotein glomerulopathy. The lipid is extracted during 
tissue processing for paraffin section, although its protein component 
remains. However, an oil red O stain on frozen tissue typically is 
impressive, demonstrating abundant lipid in the capillary loop lipopro- 
tein thrombi 


Fig. 6.144 Lipoprotein glomerulopathy. The mesangium shows 
increased cellularity and matrix. The capillary loop lipoprotein material 
stains weakly and has a distinct wispy quality in this PAS-stain sample 
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Fig. 6.147 Lipoprotein glomerulopathy. The lipid is fixed during 
osmification for electron microscopy. This image shows numerous lipid 
vacuoles (arrow) with a proteinaceous matrix filling a distended capil- 
lary loop. Electron micrograph 


500 nm 


Fig. 6.148 Lipoprotein glomerulopathy. Admixed with the lipid is 
granular electron-dense proteinaceous material of unknown composi- 
tion. Electron micrograph 
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6.6.4 Fabry’s Disease 


Fabry’s disease is a rare X-linked lysosomal storage disease 
arising from a-galactosidase A deficiency, resulting in accu- 
mulation of neutral glycospingolipids in the endothelium of 
the kidneys, heart, brain, and skin. Males are severely 
affected; they present with proteinuria, and progressive renal 
failure develops over several decades unless treated. Effective 
treatment exists today with enzyme replacement. Females 
have variable enzyme levels and therefore exhibit a wide 
range of severity. 


Fig. 6.149 Fabry’s disease. The glomeruli in Fabry’s disease show 
cytoplasmic vacuolization, most prominent in podocytes, as shown 
here. Endothelial, mesangial, and parietal epithelial cells also may be 
affected. Note the numerous large podocyte vacuoles (arrow). Every 
podocyte is affected in this glomerulus 
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Fig.6.150 Fabry’s disease. The cytoplasm of all the podocytes in this 
glomerulus show striking enlargement and vacuolization. The mesan- 
gium shows no abnormality. Masson trichrome stain 
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Fig. 6.151 Fabry's disease. This glomerulus is from a female carrier of 
Fabry's disease presenting with proteinuria and normal serum creati- 
nine. This PAS-stained sample shows several vacuolated podocytes, 
one of which is markedly enlarged (arrow). Most podocytes, however, 
appear normal 
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Fig.6.152 Fabry's disease. In this glomerulus from a female carrier of 
Fabry's disease, who presented with proteinuria and normal serum cre- 
atinine, silver stain reveals two vacuolated podocytes, one of which is 
markedly enlarged. Jones methenamine silver stain 
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Fig. 6.153 Fabry's disease. The intracellular lipid is well preserved by 
ossification. Thus, a l-u toluidine blue-stained section of plastic- 
embedded tissue for electron microscopy allows appreciation of the 
true extent of lipid deposition. Every podocyte is involved in this glom- 
erulus, and one cell outside the glomerulus in the upper left also is 
affected 
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Fig.6.154 Fabry’s disease. This electron micrograph shows numerous 
osmophilic (black) lamellated lipid inclusions within the podocytes. 
Endothelial and mesangial cells are not affected 


Fig. 6.155 Fabry's disease. This electron microscopic image shows 
the distinctive lamellated nature of the intracellular inclusions, which 
are known as myelinosomes or myeloid bodies 
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6.6.5 Nephrosialidosis 


Nephrosialidosis is an autosomal recessive disorder resulting 
from a deficiency of a-neuroaminidase leading to the accu- 
mulation of sialyl oligosaccharides and glycoproteins. There 
are several types. Type 1 is a mild form presenting in the 
second decade. Type 2 is divided into a congenital form and 
an infantile form. Patients with both forms present with pro- 
teinuria and develop renal failure. 


Fig. 6.156 Nephrosialidosis. In nephrosialidosis, the oligosaccharide 
storage products accumulate within glomerular podocytes and endothe- 
lial, interstitial, and occasionally proximal tubular cells. The intracel- 
lular oligosaccharide has a pale foamy appearance. In this image, 
prominent podocyte, endothelial cell, and interstitial accumulations are 
seen (Courtesy of The Jay Bernstein, MD, Consultative Collection) 
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Fig. 6.159 Nephrosialidosis. Hale’s colloidal iron stain graphically 
demonstrates the magnitude of the oligosaccharide storage (Courtesy of 


Fig. 6.157 Nephrosialidosis. The pale, foamy oligosaccharides mas- The Jay Bernstein, MD, Consultative Collection) 


sively distend the interstitial cells, mimicking the interstitial foam cell 
collections that occur in severe forms of nephrotic syndrome. Notice, 
however, that the endothelial cells in this glomerulus also are impres- 
sively involved, which would not be observed in other forms of neph- 
rotic syndrome (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 


Fig. 6.160 Nephrosialidosis. The oligosaccharides appear extracted 
during processing for electron microscopy. Remaining are largely 
empty intracellular vacuoles containing a small quantity of residual 
electron-dense membranous material. Here, both podocytes and an 
endothelial cell are vacuolated (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 


Fig.6.158 Nephrosialidosis. The storage product is largely PAS nega- 
tive; however, tiny particulate matter is present in the distended podo- 
cytes. PAS stain (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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Fig.6.161 Nephrosialidosis. In this image, both endothelial and podo- 
cyte involvement is apparent. There is more abundant lamellar electron- 
dense material in the podocytes than in the above case. The nature of 
this lamellar material is not known. Electron microscopy (Courtesy of 
The Jay Bernstein, MD, Consultative Collection) 
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6.6.6 l-Cell Disease (Mucolipidosis II) 

I-cell disease is an autosomal recessive disorder caused by 
mutations of the GNPTAB gene located on chromosome 
12q23.3. Patients present in their first year with a Hurler-like 
syndrome. They have coarse facial features, psychomotor 
retardation, joint contractures, deformed long bones, valvu- 
lar abnormalities, respiratory symptoms, and renal disease. 
Proximal tubular dysfunction occurs with hypercalciuria, 
hyperphosphaturia, and aminoaciduria. Despite the impres- 
sive podocyte storage product, proteinuria is low grade. 
Patients usually have a fatal outcome in early childhood from 
extrarenal disease. 


Fig. 6.162 I-cell disease. In I-cell disease, the predominant site of 
involvement is the podocyte. The disease findings bear strong resem- 
blance to those observed in nephrosialidosis, but interstitial cells and 
endothelial cells are not affected. In this specimen, PAS stain highlights 
the distended podocytes. The capillary loops appear somewhat col- 
lapsed, and the mesangium is not involved (Courtesy of the Jay 
Bernstein, MD, Consultative Collection) 
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Fig.6.165 I-cell disease. The podocyte cytoplasm is filled with largely 
empty vacuoles. Lamellar remnants of nonextracted material remain. 
The endothelial cells are free of intracellular vacuoles (Courtesy of The 
Jay Bernstein, MD, Consultative Collection) 


Fig. 6.163 I-cell disease. Masson trichrome stain highlights the scant 
mesangium and the foamy quality of the distended podocyte cytoplasm 
(Courtesy of The Jay Bernstein, MD, Consultative Collection) 


Fig.6.166 I-cell disease. The vacuoles have modest amounts of lamel- 
lar material, which might raise the possibility of Fabry's disease. 
However, the quantity of material is far less and the material does not 
stain with toluidine blue on sections of plastic-embedded tissue 
(Courtesy of the Jay Bernstein, MD, Consultative Collection) 


Fig. 6.164 I-cell disease. Hale's colloidal iron stain shows that the 
tubular and interstitial regions are free of the storage products in con- 
trast to the massive glomerular involvement (Courtesy of The Jay 
Bernstein, MD, Consultative Collection) 
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6.6.7 Glycogen Storage Diseases 


GSDs are a group of autosomal recessive disorders that result 
in the abnormal accumulation of glycogen in various organs. 
GSD type I has two subtypes: type Ia, von Gierke's disease, 
is caused by a deficiency of glucose-6-phosphatase, and type 
Ib is caused by a deficiency of glucose-6-phosphatase trans- 
porter. Patients with GSD I develop hepatorenomegaly in 
infancy and present with hypoglycemia and lipid abnormali- 
ties. Renal enlargement, proteinuria, and distal tubular aci- 
dosis develop, followed by nephrocalcinosis and renal 
failure. Histologically, glomerulomegaly is present and 
tubules are vacuolated as a result of extraction of the retained 
glycogen. Distinctive GBM changes develop, as illustrated 
here. 
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Fig. 6.167 GSD type Ia (von Gierke's disease). In this biopsy sample 
from a child with GSD type Ia, the glomerulus appears normal but 
enlarged. The tubules look relatively normal; however, note the hobnail 
appearance of the apical surface (arrows), created by rounded protru- 
sions of vacuolated cytoplasm where glycogen has been extracted dur- 
ing tissue processing (Courtesy of The Jay Bernstein, MD, Consultative 
Collection) 
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Fig. 6.168 GSD type Ia (von Gierke's disease). The vacuolated or 
cleared-out apical cytoplasm (arrow) is more apparent at higher 
magnification. It represents the location of excessive glycogen accumu- 
lation now extracted. PAS stain (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 


Fig. 6.169 GSD type Ia (von Gierke's disease). Electron microscopy 
shows segments of markedly altered GBM. There are subepithelial 
zones (arrow) of thickened and lamellated GBM with modest numbers 
of tiny electron-dense residual glycogen particles. There also is podo- 
cyte foot process effacement (Courtesy of The Jay Bernstein, MD, 
Consultative Collection) 
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Fig. 6.170 GSD type Ia (von Gierke’s disease). This specimen from 
another case of GSD type Ia also shows segments of markedly altered 
GBM with subepithelial zones of thickened and lamellated GBM. Tiny 
electron-dense clusters of glycogen particles partially fill the lucent 
areas of GBM. Electron microscopy (Courtesy of The Jay Bernstein, 
MD, Consultative Collection) 


www.ketabpezeshki.com 


6 Glomerular Diseases 


6.6.8 Cystinosis 


Cystinosis is an autosomal recessive disorder caused by a 
mutation of the CTNS gene that encodes for cystinosin. The 
mutations result in lysosomal accumulation of cystine lead- 
ing to multiorgan damage. Three forms affect the kidney. 
The infantile form is the most severe. Patients present with 
Fanconi syndrome, which if untreated is followed by renal 
failure and death by age 10 years (see Figs. 3.154 and 3.155). 
The juvenile form is slowly progressive and patients present 
with proteinuria. The adult form shows only ocular disease. 
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Fig.6.171 Juvenile cystinosis. Juvenile cystinosis causes mild mesan- 
gial matrix expansion and affects the podocyte in a distinctive fashion, 
causing multinucleation. There were scattered multinucleated podo- 
cytes in this case, although not every glomerulus showed this finding. 
One obvious multinucleated podocyte is visible at the top of this image 
(arrow). Podocyte multinucleation is a very uncommon finding in other 
glomerular diseases 
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Fig. 6.172 Juvenile cystinosis. This glomerulus shows even more 
striking podocyte multinucleation (arrow), a finding referred to as 
polykaryocytosis. Nine individual nuclei can be seen in this presumably 
single podocyte 


Fig. 6.173 Juvenile cystinosis. Electron microscopy can show the sil- 
houettes of the extracted cysteine crystals within occasional podocyte 
cytoplasm. Several crystals are present in this podocyte's cytoplasm 
(arrows) 
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A 
Acquired cystic kidney disease (ACKD) 
characteristic feature of, 41 
histologic appearance, 41 
proliferative lesion, 42 
RCC 
calcium oxalate crystals, 42 
end-stage kidney, 39, 41 
multiple and bilateral, 40 
psammomatous calcification, 42 
Acute phosphate nephropathy, 135 
Acute postinfectious glomerulonephritis (APIGN), 215-217 
Acute pyelonephritis 
ascending, 116, 117 
emphysematous, 119 
hematogenous, 117, 118 
Acute tubular injury (ATI) 
aminoglycoside-associated ATI, 98, 99 
autolysis, 94 
calcineurin inhibitor, isometric tubular vacuolization, 99 
causes of, 94 
coagulation necrosis of tubules, 94 
electron-dense cytoplasm, 95 
hematuria-associated ATI, 97 
interstitial edema, 95, 97 
and intranephron bleeding, 97 
renal biopsy, 95 
rhabdomyolysis-associated ATI, 96, 97 
tenofovir-associated ATI, 98 
tubular epithelial attenuation, 95 
Acute tubular necrosis. See Acute tubular injury (ATI) 
Acute tubulointerstitial nephritis (ATIN). See Tubulointerstitial 
nephritis (TIN) 
ADPKD. See Autosomal dominant polycystic kidney disease 
(ADPKD) 
AGBM disease. See Antiglomerular basement membrane (AGBM) 
disease 
Alport's syndrome, 235 
Amyloidosis 
chronic inflammatory and fever, 242 
Congo red stain, 241 
fibrillar appearance, 242 
glomerular deposition, severe, 241 
Jones methenamine silver stain, 240 
pale waxy appearance, 240 
renal failure and proteinuria, 241 
spike-like formation, 240 
types, 239-240 
Analgesic nephropathy, 107 
Antiglomerular basement membrane (AGBM) disease, 231 
Anti-tubular basement membrane disease, 105 
Aortic atherosclerotic disease, 153 


APIGN. See Acute postinfectious glomerulonephritis (APIGN) 
Argyria, 143 
Aristolochic acid nephropathy, 102-103 
Arnold-Chiari malformation, 21 
ARPKD. See Autosomal recessive polycystic kidney 
disease (ARPKD) 
Arteriovenous fistula, 173 
Ascending acute pyelonephritis, 116, 117 
Ask-Upmark segmental hypoplasia, 26—28 
ATI. See Acute tubular injury (ATI) 
Autosomal dominant polycystic kidney disease (ADPKD) 
bile duct cysts, 36, 37 
cystic transformation in, 37 
end-stage kidney disease, 35 
hereditary cyst, 36 
medullary cysts, 38 
multiple large cysts, 38 
multiple papillary RCCs, 37 
papillary hyperplasia, 39 
partial nephrectomy, 36 
proliferative activity, 39 
proteinacious fluid, 38 
renal parenchyma, 38 
Autosomal recessive polycystic kidney disease (ARPKD), 30 
bile duct plate abnormality, 34 
congenital hepatic fibrosis, 34 
interstitium, fibrosis, 33 
low cuboidal epithelium, 33 
massive abdominal distension, 31 
nephrons, glomeruli, and proximal and distal tubules, 32 
normal nephron components, 33 
portal hypertension, 34 
pulmonary development, 30, 32 
renal medulla, 32, 33 
renal pelvis and ureters, 31 
sponge kidney, 31 


B 

Banff diagnostic scoring system, 179, 180 
Basement membrane nephropathy, 236 
Beckwith-Wiedemann syndrome, 60 


C 
Chapel Hill classification, 174 
Chronic pyelonephritis 
obstructive, 119—121 
reflux nephropathy, 120, 122 
Chronic tubulointerstitial nephritis. See Tubulointerstitial 
nephritis (TIN) 
CMV. See Cytomegalovirus (CMV) 
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Collagen nephropathy 


Alport’s syndrome, 235 

basement membrane nephropathy, 236 
collagenofibrotic glomerulopathy, 237 
collagen type III nephropathy, 237 
nail-patella syndrome, 236 


Collagenofibrotic glomerulopathy, 237 
Collagen type III nephropathy, 237 
Congenital nephrotic syndrome (CNS) 


diffuse mesangial sclerosis, 210—211 
FT-CNS 
autosomal disorder, 207 
dimorphic glomerular appearance, 208 
ectatic tubules, 208 
hypogammaglobulinemia, 207 
microcystic disease, 207 
mild mesangial matrix, 209 
nephrin mutation, 207 
nephrotic syndrome, 207 
tubular cysts and glomerular cyst, 209 


Cortical hypoplasia, 25-27 
Crystal-storing histiocytosis, 132 
Cystic kidney diseases 


classification of, 18 
glomerular cystic kidney 
acquired glomerulocystic kidney, 71 
ADPKD, 71 
Bowman’s capsule, 70 
cortical and medullary tubular cysts, 69 
embryonal metaplasia, 70 
familial hypoplastic GCKD, 69 
glomerulocystic alteration, 70 
segmental glomerulocystic kidney, 71 
sporadic, 68, 69 
miscellaneous cysts and developmental anomalies 
adrenal-renal fusion, 87 
calcified cyst, 85 
lymphangectasia/lymphangioma, 86, 87 
medullary sponge kidney, 86 
simple cortical cyst, 85 
subcapsular adrenal and adrenal rest, 85, 87, 88 
phycomatoses and renal disease 
TSC, 81-85 
VHL, 79-81 
polycystic kidney diseases 
ACKD, 39-42 
ADPKD, 35-39 
ARPKD, 30-34 
localized PKD, 43-44 
renal agenesis 
bilateral, 29, 30 
unilateral, 29 
renal dysplasia 
definition of, 44 
nonsyndromic (see Nonsyndromic renal dysplasia) 
syndromic (see Syndromic renal dysplasia) 
renal ectopia, 20 
renal fusion 
crossed fused ectopia, 22 
horseshoe kidney, 20, 21 
renal hypoplasia 
Ask-Upmark segmental hypoplasia, 26-28 
cortical hypoplasia, 25-27 
definition of, 22 
oligomeganephronia, 24 
simple hypoplasia, 23 
rotation anomaly, 19 
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tubulointerstitial developmental diseases 
medullary cystic disease, types 1 and 2, 78-79 
nephronophthisis, 74—77 
renal tubular dysgenesis, 72—73 
Cystinosis, 140 
Cytomegalovirus (CMV), 122-124 


D 

Dense deposit disease (DDD), 222-224 
Denys-Drash syndrome (DDS), 210 

Diffuse mesangial hypercellularity (DMH), 212 
Diffuse mesangial sclerosis (DMS), 210-211 
2,8-Dihydroxyadeninuria (DHA), 140 


E 
Embryology and kidney structure 
glomerular ultrastructure, 14—15 
glomerulogenesis, 4—5 
gross anatomy and vasculature 
anterior and posterior branches, 6 
arteries and veins, 8-9 
cortex, 7 
cortical labyrinth, 8 
fornices, 6 
hilar vessels, 7 
Masson trichrome stain, 8 
medulla, 6 
peritubular capillaries, 8 
renal lymphatics, 9 
renal nerves, 9 
renal parenchymal veins, 6 
renal vasculature, 7 
mesonephros, 2 
metanephros, 3 
microscopic anatomy 
CD10 immunoperoxidase, 11 
colloidal iron stain, 12 
ducts of Bellini, 13 
glomerulus, 10 
inner medulla, 12-13 
Jones methenamine silver stain, 10 
outer medulla, 12 
pancytokeratin stain, 11 
PAS stain, 10, 11 
podocytes, 11 
tubular pole, 10 
pronephros, 1—2 
urinary and genital tracts, 1 
Emphysematous acute pyelonephritis, 119 


F 
Fabry's disease, 251—253 
Fibrillary glomerulopathy, 244—245 
Fibromuscular dysplasia, 156-158 
Finnish-type congenital nephrotic syndrome (FT-CNS) 
autosomal disorder, 207 
dimorphic glomerular appearance, 208 
ectatic tubules, 208 
hypogammaglobulinemia, 207 
microcystic disease, 207 
mild mesangial matrix, 209 
nephrin mutation, 207 
nephrotic syndrome, 207 
tubular cysts and glomerular cyst, 209 
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Focal segmental glomerulosclerosis (FSGS) 
causes of, 203 
cellular variant, 206 
collapsing variant, 205 
glomerular tip lesion, 206 
morphologic pattern, 203 
NOS type, 203-204 
perihilar variant, 206 
Frasier syndrome, 210 
FSGS. See Focal segmental glomerulosclerosis (FSGS) 
FT-CNS. See Finnish-type congenital nephrotic 
syndrome (FT-CNS) 


G 
Glomerular cystic kidney (GCK), 68-71 
Glomerular disease 
C3 nephropathy, 225-226 
collagen nephropathy 
Alport’s syndrome, 235 
basement membrane nephropathy, 236 
collagenofibrotic glomerulopathy, 237 
collagen Type III nephropathy, 237 
nail-patella syndrome, 236 
crescentic glomerulonephritis 
AGBM disease, 231, 234 
capillary loop disruption, 232-233 
fibrin mass, 233 
Goodpasture's syndrome, 231 
Jones methenamine silver stain, 234 
pauci-immune glomerulonephritis, 232 
dense deposit disease, 222-224 
"full-house" immunofluorescence 
Clq nephropathy, 230-231 
lupus glomerulonephritis, 226-229 
IgA nephropathies, 220—221 
IgG nephropathies 
acute cryoglobulinemic glomerulonephritis, 219-220 
APIGN, 215-217 
MGN, 212-215 
MPGN, 217-219 
metabolic and storage disease 
cystinosis, 258-259 
diabetic nephropathy, 246—248 
Fabry's disease, 251—253 
familial LCAT deficiency, 248—249 
GSD, 257—258 
I-cell disease, 255—256 
lipoprotein glomerulopathy, 250-251 
nephrosialidosis, 253—255 
paraprotein/structured deposit 
amyloidosis (see Amyloidosis) 
fibrillary glomerulopathy, 244—245 
immunoglobulin/light chain deposition disease, 243-244 
podocytopathy 
CNS/INS (see Congenital nephrotic syndrome (CNS)) 
definition, 201 
diffuse mesangial hypercellularity, 212 
FSGS (see Focal segmental glomerulosclerosis (FSGS)) 
minimal change disease, 201—202 
nephrotic syndrome, 201 
thrombotic microangiopathy 
acute renal failure, 238 
factor V Leiden deficiency, 239 
hemolytic uremic syndrome, 238 
hilar afferent arteriole, 238 
HUS, 237 
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mucoid intimal thickening, 239 
von Willebrand factor/ADAMTS 13 deficiency, 237 
Glomerular ultrastructure, 14—15 
Glomerulogenesis, 4—5 
Glycogen storage disease (GSD), 257—258 
Granulomatous tubulointerstitial nephritis, 108—109 
leprosy, 115 
malakoplakia, 112-113 
sarcoidosis-associated granulomatous TIN, 109 
tuberculosis, 113-115 
xanthogranulomatous pyelonephritis, 110-111 
GSD. See Glycogen storage disease (GSD) 


H 

Hematogenous acute pyelonephritis, 117, 118 
Henoch-Schónlein purpura, 220 

Horseshoe kidney, 19-21 

Hydatidosis, 126-127 


I 

I-cell disease, 255-256 

Indinavir toxicity, 142 

Infantile nephropathic cystinosis, 140 

Infantile nephrotic syndrome (INS). See Congenital nephrotic 
syndrome (CNS) 

Ivemark syndrome, 57-58 


J 


Jeune syndrome, 59 


K 
Karyomegalic tubulointerstitial nephritis, 106 


L 
Light chain cast nephropathy (LCCN) 
cytokeratin stain, 130 
diagnostic feature of, 130 
prominent cell reaction, 129 
trichrome stain, 129 
Light chain crystal tubulopathy, 131 
Light chain proximal tubulopathy, 133 
Lipoprotein glomerulopathy, 250-251 
Lupus glomerulonephritis 
classification of, 226 
clinical presentation, 226 
diffuse proliferation, 227—229 
focal proliferation, 227 
mesangial electron-dense deposits, 227 
mesangial hypercellularity, 227 


M 

Malakoplakia, 112-113 

MCD. See Minimal change disease (MCD) 

Meckel-Gruber syndrome 
corticomedullary differentiation, 56 
immature/dysplastic ducts, 56 
multicystic dysplasia, 55, 56 
progressive enlargement of cysts, 57 
small cystic and noncystic tubules, 57 

Membranoproliferative glomerulonephritis (MPGN), 

217-219 
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Membranous glomerulonephritis (MGN), 212-214 
Mesonephros, 2 

Metanephros, 3 

Michaelis-Gutmann bodies, 112, 113 

Minimal change disease (MCD), 201—202 
Mycobacterium leprae, 115 


N 
Nail-patella syndrome, 236 
Nephrocalcinosis, 109, 136 
Nephronophthisis (NPHP) 
atrophic tubules, 76 
Bowman's capsule, 76 
chronic tubulointerstitial nephritis, 76 
congenital hepatic fibrosis, 77 
early-stage disease, 75 
histology of, 75 
infantile form of, 76, 77 
inflammation, 75 
medullary cysts, smooth translucent lining, 74 
pathologic features, 74 
severe cortical atrophy, 75 
small contracted kidney, 74 
Nonsyndromic renal dysplasia 
bilateral aplastic renal dysplasia, 47 
bilateral cystic renal dysplasia, 48 
bilateral multicystic renal dysplasia 
megacystis, 46 
posterior urethral valve, 49 
pulmonary development, 45 
ureteral abnormalities, 46, 47 
classification of, 44 
cortical nephrons, 51 
corticomedullary differentiation, 50, 51 
dysplastic ducts 
cellular mesenchymal collars, 52 
histologic finding, 51 
with immature cartilage, 52 
multicystic dysplasia, 50 
segmental renal dysplasia, duplex kidney 
in fetus, 54 
histologic findings, 54 
hydronephrotic, 53 
unilateral 
aplastic dysplasia, 45 
multicystic renal dysplasia, 45 
urethral atresia, 48, 49 
NPHP. See Nephronophthisis (NPHP) 


(0) 
Oligomeganephronia, 24 
Oral-facial-digital syndrome, 61 


P 
Periodic acid-Schiff (PAS) stain, 7, 24, 101, 149, 189, 202 
PKD. See Polycystic kidney diseases (PKD) 
Podocytopathy 
CNS/INS (see Congenital nephrotic syndrome (CNS)) 
definition, 201 
diffuse mesangial hypercellularity, 212 
FSGS (see Focal segmental glomerulosclerosis (FSGS)) 
minimal change disease, 201—202 
nephrotic syndrome, 201 
Polycystic kidney diseases (PKD) 
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ACKD 
calcium oxalate crystals, 41, 42 
definition of, 39 
development of, 39 
end-stage kidney, 39-41 
histologic appearance, 41 
proliferative lesion, 42 
psammomatous calcification, 42 
RCC, 39-42 
ADPKD 
bile duct cysts, 36, 37 
cystic transformation in, 37 
end-stage kidney disease, 35 
hereditary cyst, 36 
medullary cysts, 38 
multiple large cysts, 38 
multiple papillary RCCs, 37 
papillary hyperplasia, 39 
partial nephrectomy, 36 
proliferative activity, 39 
proteinacious fluid, 38 
renal parenchyma, 38 
ARPKD, 30 
bile duct plate abnormality, 34 
congenital hepatic fibrosis, 34 
interstitium, fibrosis, 33 
low cuboidal epithelium, 33 
massive abdominal distension, 31 


nephrons, glomeruli, and proximal and distal 


tubules, 32 
normal nephron components, 33 
portal hypertension, 34 
pulmonary development, 30, 32 
renal medulla, 32, 33 
renal pelvis and ureters, 31 
sponge kidney, 31 
localized PKD, 43-44 
Potter syndrome, 29-30 
Primary hyperoxalosis, 137 
type 1, 138, 139 
type 2, 139 
Pronephros, 1—2 
Pyelonephritis 
acute (see Acute pyelonephritis) 
chronic (see Chronic pyelonephritis) 


R 
Randall’s plaques, 136, 137 
RAS. See Renal artery stenosis (RAS) 
RCC. See Renal cell carcinoma (RCC) 
Reflux nephropathy, 120, 122 
Renal agenesis 
bilateral, 29, 30 
unilateral, 29 
Renal artery stenosis (RAS) 
aortic atherosclerotic disease, 153, 154 
atherosclerotic, 154—156 
fibromuscular dysplasia, 153, 156-158 
renovascular hypertension, 153 
Renal artery thrombosis, 170-171 
Renal cell carcinoma (RCC) 
ACKD 
calcium oxalate crystals, 42 
end-stage kidney, 39, 41 
multiple and bilateral, 40 
psammomatous calcification, 42 
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ADPKD, 37 
TSC, 81, 85 
VHL, 79-81 
Renal cholesterol microembolism syndrome, 161—162 
Renal cortical necrosis, 169-170 
Renal ectopia, 20 
Renal papillary necrosis 
acute, 167—168 
causes of, 167 
ischemic injury, severe, 167 
remote, 168—169 
Renal transplantation 
allograft dysfunction, 179, 180 
antibody-mediated rejection 
acute, 183-185 
chronic, 186-187 
hyperacute rejection, 181—183 
Banff diagnostic scoring system, 179, 180 
immunologic rejection pathways, 179 
T-cell-mediated rejection 
acute, 188—192 
calcineurin inhibitor toxicity, 194—195 
chronic, 192-193 
complications, 196 
opportunistic infections, 196 
transplant rejection, 179, 181 
Renal tubular dysgenesis, 72-73 
Renal tubular hemosiderosis, 142-143 
Renal vascular disease 
arteriovenous fistula, 173 
arteriovenous malformation, 173 
hypertension 
benign nephrosclerosis, 148—150 
causes of, 147 
malignant nephrosclerosis, 151—153 
systemic symptoms, 147 
RAS 
aortic atherosclerotic disease, 153 
atherosclerotic, 154—156 
causes of, 153 
fibromuscular dysplasia, 156-158 
renovascular hypertension, 153 
renal artery aneurysm, 160-161 
renal artery dissection, 159-160 
renal artery thrombosis, 170-171 
renal cholesterol microembolism syndrome, 161—162 
renal embolic diseases and infarcts 
acute bacterial endocarditis, 163 
acute infarcts, 163—165 
atherosclerotic vascular disease, 163, 166 
atrial myxoma embolization, 164 
cholesterol macroemboli, 163 
remote infarcts, 165—167 
renal papillary necrosis 
acute, 167—168 
causes of, 167 
ischemic injury, severe, 167 
remote, 168—169 
renal vasculitis 
Chapel Hill classification, 174 
granulomatosis, 175 
isolated giant cell arteritis, 175 
microscopic polyangiitis, 174 
polyarteritis nodosa, 175 
renal vein thrombosis, 171 
renal venous thrombosis, 171—172 
types, 147 
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S 
Segmental hypoplasia 
circumferential deep cortical groove, 26, 27 
definition of, 26 
dilated veins, hypertrophied arteries, 28 
pelvicalyceal distortion and ectasia, 26 
Simple hypoplasia 
bilateral, 23 
definition of, 23 
unilateral, 23 
Sjógren's syndrome, 101 
Smith-Lemli-Opitz syndrome, 62 
Staghorn calculi, 137 
Syndromic renal dysplasia 
Beckwith-Wiedemann syndrome, 60 
Ivemark syndrome 
diffuse cysts, 57 
glomerular cysts, 58 
intrarenal adrenal gland, 58 
small cysts, 58 
Jeune syndrome, 59 
Meckel-Gruber syndrome 
corticomedullary differentiation, 56 
immature/dysplastic ducts, 56 
multicystic dysplasia, 55, 56 
progressive enlargement of cysts, 57 
small cystic and noncystic tubules, 57 
oral-facial-digital syndrome, 61 
Smith-Lemli-Opitz syndrome, 62 
trisomy 13 syndrome, 65-67 
trisomy 18 syndrome, 68 
Zellweger syndrome 
bilateral renal involvement, 63 
corticomedullary differentiation, 64 
dimorphic glomerular population, 65 
large subcapsular dysplastic ducts, 63 
medium-sized cysts, 64 
mild renal involvement, 64, 65 
multicystic dysplasia, 63 
small dysplastic ducts, ecstatic tubules, 63 


T 
TBM. See Tubular basement membrane (TBM) 
T-cell-mediated rejection 
acute 
type I, 188-190 
type II, 188, 191, 192 
type III, 188 
calcineurin inhibitor toxicity, 194—195 
chronic, 192-193 
complications, 196 
opportunistic infections, 196 
Thrombotic microangiopathy 
acute renal failure, 238 
factor V Leiden deficiency, 239 
hemolytic uremic syndrome, 238 
hilar afferent arteriole, 238 
HUS, 237 
mucoid intimal thickening, 239 
von Willebrand factor/ADAMTS 13 deficiency, 237 
Tuberculosis 
acid-fast organisms, 114 
fibrocaseous granuloma, 114 
hydronephrotic kidney, 113 
miliary tuberculosis, 115 
small tumor nodules, multiple small papillary neoplasm, 114 
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Tuberous sclerosis 
abnormal arteries, 84 
angiomyolipomas, 81, 82, 84, 85 
Bowman’s capsule, 83 
contiguous gene syndrome, 81-84 
large eosinophilic cells, 83 
large glomerular cyst, 84 
leiomyomatous stroma, 85 
RCC, 81, 85 
renal tubules, 82, 83 
Tubular basement membrane (TBM) 
anti-TBM disease, 105 
autolysis, 94 
calcium phosphate, 136 
IgG stain, 104, 105 
Tubulointerstitial diseases 
acute and chronic pyelonephritis, 116-122 
acute and chronic TIN 
allergic TIN, 100-101 
analgesic nephropathy, 107 
anti-tubular basement membrane disease, 105 
aristolochic acid nephropathy, 102—103 
causes of, 100 
herbal remedies and slimming agents, 102—103 
idiopathic hypocomplementemic TIN, 105 
IgG4-related TIN, 103-104 
inflammation and tubular effacement, 108 
karyomegalic TIN, 106 
Sjógren's syndrome, 101 
acute tubular injury 
aminoglycoside-associated ATI, 98, 99 
autolysis, 94 
calcineurin inhibitor, isometric tubular vacuolization, 99 
causes of, 94 
coagulation necrosis of tubules, 94 
electron-dense cytoplasm, 95 
hematuria-associated ATI, 97 
interstitial edema, 95, 97 
and intranephron bleeding, 97 
renal biopsy, 95 
rhabdomyolysis-associated ATI, 96, 97 
tenofovir-associated ATI, 98 
tubular epithelial attenuation, 95 
classification of, 93 
crystals and pigments, 134 
acute phosphate nephropathy, 135 
argyria, 143 
cystinosis, 140 
dihydroxyadeninuria, 140 
drug-associated crystal nephropathy, 142 
nephrocalcinosis, 136 
Randall’s plaque and nephrolithiasis, 136-137 
renal tubular hemosiderosis, 142-143 
renal tubular oxalosis, 137-139 
uric acid nephropathy and gout, 141 
granulomatous TIN, 108-109 
leprosy, 115 
malakoplakia, 112-113 
sarcoidosis-associated granulomatous TIN, 109 
tuberculosis, 113-115 
xanthogranulomatous pyelonephritis, 110-111 
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lymphoproliferative disorders, 133-134 


monoclonal immunoglobulin and light chain-associated diseases 


crystal-storing histiocytosis, 132 
LCCN, 129-130 
light chain crystal tubulopathy, 131 
light chain proximal tubulopathy, 133 
paraprotein, amyloid, 128 
viruses and infectious etiologies 
adenovirus, 125 
BK polyomavirus, 124-125 
CMV, 122-123 
hydatidosis, 126-127 
microfilaria, 127 
Whipple's disease, 127-128 
Tubulointerstitial nephritis (TIN) 
acute and chronic 
allergic TIN, 100-101 
analgesic nephropathy, 107 
anti-tubular basement membrane disease, 105 
aristolochic acid nephropathy, 102-103 
causes of, 100 
herbal remedies and slimming agents, 102—103 
idiopathic hypocomplementemic TIN, 105 
IgG4-related TIN, 103-104 
inflammation and tubular effacement, 108 
karyomegalic TIN, 106 
Sjógren's syndrome, 101 
granulomatous, 108—109 
leprosy, 115 
malakoplakia, 112-113 
sarcoidosis-associated granulomatous TIN, 109 
tuberculosis, 113-115 
xanthogranulomatous pyelonephritis, 110-111 


U 
Urate granulomas, 141 
Uric acid nephropathy, 141 


V 
Von Hansemann histiocytes, 112 
Von Hippel-Lindau (VHL) disease, 79-81 


WwW 
Whipple's disease, 127-128 


X 

Xanthogranulomatous pyelonephritis 
cytoplasm of, 111 
fibrosis and chronic inflammation, 111 
muscularis propria and submocosa, 110 
nephrolithiasis, 110 
perinephric fat, 110 
staghorn calculus, 110 


Z 
Zellweger syndrome, 63-65 
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